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[ feel greatly honored in being asked 
to present the Gordon Wilson Lecture 
before this Association. Although [ 
have not been familiar with all of the 
aims of the Association, I am aware 
that in creating a yearly lectureship 
which bears such a distinguished name, 
your major objective remains clearly 
defined: namely, the maintaining of a 
high level of clinical craftsmanship, a 
level not necessarily dependent upon 
the laboratory. 

Almost a decade has now passed 
since the opportunity became available 
for the group at the Children’s Hos- 
pital of Philadelphia to use volunteers 
who are still the basis for all work on 
viral hepatitis. It is almost a challenge 


to fate to mention that no deaths have 
occurred in the total group of volun- 
teers who have helped us, well over 
1500, but it would hardly seem neces- 
sary to mention that in this same dec- 
ade a pediatrician can name a number 
of special reasons for being personally 
interested in geriatrics, growing older 
suddenly comes so often when dealing 
with severely ill volunteers. This re- 
view of certain features of viral hepa- 
titis is necessarily in part a tribute to 
these hundreds of men and women, 
without whom there would have been 
little progress. 

I should like to outline certain find- 
ings in viral hepatitis obtained pri- 
marily from clinical observation, which 
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may well prove to have significance in 
several fields of investigation, beyond 
the study of hepatitis alone. 

First, however, before one may con- 
sider application of knowledge in this 
field to other areas of medicine, it is 
necessary to establish more clearly a 
point of view concerning the nature of 
viral hepatitis itself, namely, as to 
whether it is one or more disease enti- 
ties. 

It is not necessary to consider serum 
hepatitis, or viral hepatitis B,* as a new 
disease entity. During our early ex- 
perience over a number of years with 
viral hepatitis, it was rare that the at- 
tending physician thought of relating 
jaundice to the use of a needle or to a 
parenteral injection occurring months 
previously. The possibility of a 2 to 4 
months incubation period had been 
completely overlooked in the past in 
the same manner that the possibility of 
rubella in the first trimester of preg- 
nancy causing cataracts in newborns 
had been overlooked, and there was far 
less excuse for the latter because rubel- 
la is a distinct disease entity, while 
jaundice has many causes, including 
epidemic hepatitis. Certainly as injec- 
tions for diabetes and syphilis increased 
from 1920 to 1930, an infectious cause 
for jaundice related to the injections 
was suspected. It was when trans- 
fusions, large pools of plasma, and vac- 
cines buffered with blood products 
came into broad usage that hepatitis B 
became a more obvious entity, and 
certainly a far more frequent one. 

Often the belief that there are anti- 
genic differences in etiologic 
agents of viral hepatitis depends not 
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so much upon the facts but rather upon 
the minds which receive the facts. Just 
as attitudes in politics depend often far 
more upon geographical location of 
the voters, meaning essentially the 
family background, so also background 
and position in a school of medicine 
deeply influence the avenues of in- 
vestigation and the acceptance of data, 
even though similar data may be ob- 
tained by a number of investigators 
in more than one institution. 

Also, by exciting so much interest 
and controversy, and by covering so 
many departments in medical schools, 
the liver has collected over recent dec- 
ades a far more impressive family 
background, resulting in many firm 
beliefs. 

For example, viral diseases of the 
central nervous system, in particular 
the viral encephalitides, in many in- 
stances have clinical and _ histological 
pictures which in general are indistin- 
guishable from each other, and yet lit- 
tle question is raised by the patholo- 
gists or internists when viral cross-im- 
munity studies or neutralization studies 
show that they are completely different 
etiologically; it is left to the virologists 
to decide. They decide they are dif- 
ferent and the decisions stand. 

Similarly, epidemic influenza A and 
B are indistinguishable in incubation 
periods, in clinical picture, and _his- 
tologically, but here again the original 
demonstrations of lack of cross-im- 
munity or cross-neutralization by the 
virologists is accepted. Not so viral 
hepatitis. Viruses may be considered 
as relative newcomers to the pedigreed 
liver family, during the inevitable up- 


* The use of the letters A and B in viral hepatitis was initiated in England to designate 
respectively infectious (epidemic) hepatitis (IH) and serum hepatitis (SH) and the letters A and 
B were also adopted by the World Health Organization. Although viral hepatitis under field 
conditions, broadly speaking, would fall into these two categories, A and B, key studies on 
cross immunity and other factors have been carried out with only a few viral strains. While 
these studies also support to an extent the separation into these two categories, until serologic 
tests are available there is no certain means of determining the accuracy of classification into 
A and B. Despite these difficulties the studies, as indicated here, point clearly to certain 


antigenic differences in the virus strains. 
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heavals affecting medicine in war- 
time. 

In viral hepatitis, as in the encephali- 
tides and in epidemic influenza, the 
clinical and histological pictures of 
epidemic hepatitis and serum hepatitis 
are essentially indistinguishable. 

However, a well demonstrated lack 
of cross-immunity both under epidemic 
conditions and experimentally in vol- 
unteers?*:17.20 of what have been 
termed virus IH or A, and virus SH or 
B (the letters A and B are simpler and 
more acceptable); these proven facts 
still appear to be unacceptable to a 
considerable number of internists, 
pathologists, and those interested in 
certain metabolic functions of the 
liver. 

To an extent such doubts may be 
the result of the limited number of 
volunteers available for cross-immu- 
nity studies under experimental con- 
ditions, but such limitations were not 
present in studies of the disease under 
natural conditions such as obtained in 
North Africa in the studies by Gauld’. 
In these studies not only was there no 
immunity to epidemic hepatitis as a 
result of previous attacks of serum 
hepatitis (yellow fever vaccine jaun- 
dice) but actually the previous serum 
hepatitis had produced an increased 
susceptibility to the epidemic disease. 

Havens carried out cross-immunity 
studies between A and B in one direc- 
tion, while at the same time in Phila- 
delphia we carried out reciprocal cross- 
immunity studies, namely, starting first 
with A and later testing the volunteer’s 
resistance with B and vice versa. The 
fact that the two groups of workers 
obtained a strikingly similar lack of 
cross-immunity between A and B is all 
the more important because the sub- 
ject at test was man himself. 

It may appear that this is belaboring 
a point of view already well estab- 
lished. It would not appear to be so 
when as well-known a worker as Sir 
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John McNee, in his recent Harveian 
Lecture’, strongly advocated the view 
that these viral agents were antigeni- 
cally the same. This point of view ap- 
pears to be more readily accepted by 
those who have worked for many years 
in the numerous metabolic or patho- 
logic aspects of liver disease and thus 
may look upon the more recent viral 
studies with jaundiced eyes. In fact, 
the jaundiced eye is often quite evident 
in liver disease. 

Although lack of cross-immunity ap- 
pears to be the most important criter- 
ion for distinguishing the viral en- 
cephalitides and the epidemic influen- 
zas, one from the other, the viruses of 
hepatitis have intriguing differences in 
addition to lack of cross-immunity. 

The gamma globulin fraction from 
the Red Cross pools of plasma has been 
highly successful in stopping epidemics 
of hepatitis?> throughout the country 
as well as abroad, whether used in 
controlled or uncontrolled studies, and 
recently in doses as little as .01 cc. per 
pound body weight?*. Most of these 
studies have been conducted by our 
own group of workers, but a sufficient 
number of corroborative stndies have 
come from all parts of the country to 
overcome whatever jaundiced mote 
there may be in our own eyes. After all, 
studying jaundice so closely we can- 
not always be sure of having cast the 
jaundiced beam out of our own eyes 
in order to see clearly to cast out the 
motes elesewhere. In contrast to the 
epidemic disease, Red Cross gamma 
globulin in serum hepatitis, with a 
single known exception®, has not pre- 
vented the disease under natural con- 
ditions or in volunteers; nor has it 
neutralized the virus B??, even though 
recently in such studies with Dr. Drake 
et al. we have used gamma globulin, 
collected from volunteers, convalescent 
4 months to 6 years from jaundice 
caused by the Ft. Bragg strain of virus, 
and fractionated by Sharp & Dohme 
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Company for this particular purpose. 
It is still possible that the neutralizing 
antibodies are in another fraction of 
the globulin than the gamma fraction, 
or they may rise and fall during the 
first 3 months of convalescence. How- 
ever, a previous neutralization test 
with convalescent plasma (2 cc. of in- 
fective serum mixed with 10 cc. of con- 
valescent plasma)? did not suggest 
that antibodies were present. The same 
convalescent plasma was also injected 
in 20 cc. amounts at 3 successive per- 
iods after parenteral inoculation of the 
mixture of infective plasma and con- 
valescent plasma without evidence of 
protection. 

Another constant difference is the 
presence of virus of the epidemic dis- 
ease in the stools, with consequent ease 
of cross-infection by contact or by the 
milk, food, or water-borne routes. We 
have been unable to produce serum 
hepatitis even by parenteral injections 
of filtrates of stools from such cases 
obtained during the early disease per- 
iod, and the general lack of epidemics 
starting from hepatitis B is obvious. 
The types of influenza do not have nor 
appear to need substantiation of their 
separation by such characteristics. 

The incubation periods of viral hep- 
atitis A and B on occasion are similar 
and with the same strain of virus A 
there may be prolongation of the in- 
cubation period to the length seen in 
some cases of B; but if one calculates 
the mean incubation periods of both 
diseases in large numbers of volunteers 
and in field epidemics, A will average 
20 to 30 days, while B will average: 60 
to 90 days. When the incubation per- 
iods are longer, in many instances of 
both A and B, our experience also 
strongly suggests that the infecting 
dose contained fewer viral bodies, 
namely, was of low titer, or was at- 
tenuated in some way, even though in- 
dividual variation in resistance must 
play an important part. 
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This is well illustrated in our studies 
on A in 3 instances, (1) when con- 
taminated water from a summer camp 
had stood at room temperature for a 
considerable period before being in- 
gested by volunteers (about a 60-day 
incubation period)'*, (2) when arti- 
ficially infected water was treated by 
flocculation and filtration, resulting in 
a marked increase in the incubation 
periods of the control volunteers re- 
ceiving the untreated water (a 30 to 
40-day incubation from the treated 
water, and a 20 to 25-day incubation in 
the controls)!®, and finally (3) when 
a single individual had ingested water 
from a well which had apparently been 
contaminated a considerable time pre- 
viously and in which case a large part 
of the contaminated water must have 
been used and the remaining portion 
considerably diluted before he ingested 
it (a 56-day incubation period)*. In- 
gestion of contaminated food or direct 
contact were also possible, though 
less probable, sources of infection in 
this case. 

Although the last individual may 
have had a chance infection from some 
other source, the origin seemed fairly 
clear because he was the only one in his 
rural area who had the disease at that 
time and when and where he was in- 
fected could apparently be localized 
to a single day and place. The recipro- 
cal relation of number of viral particles 
to the length of the incubation period 
in virus B or its attenuation is also 
suggested by the results both our 
group and Dr. Roderick Murray’s™ 
group have been obtaining in studies 
on an artificially infected pool of 
plasma originally prepared by the late 
John Oliphant and containing the Ft. 
Bragg strain of virus B from our lab- 
oratories. This pool, which was shown 
by Dr. Murray to have a titer of at least 
10-* not only produced longer in- 
cubation periods in its higher, than its 
lower, dilutions, but when irradiated 
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by apparatus which apparently had 
been effective in sterilizing commercial 
pooled plasma with possibly less virus, 
again produced longer incubation per- 
iods than in the control volunteers who 
received the unirradiated plasma. For 
instance, this infected pool irradiated 
on a cylinder type of apparatus used by 
Sharp & Dohme produced _ hepatitis 
with jaundice in only one of our 6 
volunteers injected parenterally, the 
one case having an incubation period 
of 108 days. Experience of Dr. Mur- 
rays group’ with this material cover- 
ing 43 subjects, who developed hepatit- 
is shows that while the mean incuba- 
tion period of those subjects who re- 
ceived untreated plasma was 84 days; 
that for those who received plasma 
which had been treated in some man- 
ner (such as by ultraviolet irradiation, 
heating or extreme dilution) was 99 
days. 

[ have outlined at some length the 
factors which appear to have changed 
the length of incubation of viruses A 
and B, since in particular the lengthen- 
ing of the incubation period of virus 
A up to 40 to 55 days has been con- 
sidered by some as suggesting the 
identity of the two viruses. If such fac- 
tors have already been shown to alter 
the incubation periods both under 
natural and experimental conditions 
with virus strains known to produce 
no cross-immunity, the attempt to unify 
these two agents, under a single anti- 
genic type, on the primary basis of 
incubation periods appears clearly to 
be based on attitude and not on facts. 
It would be as sensible to unify influ- 
enza A and B antigenically because 
they have the same incubation period, 
while in viral hepatitis A and B the 
mean incubation periods as mentioned 
ibove of the vast majority of cases are 
farther separated than almost any other 
two infectious diseases now known. 

\ fifth difference which accords well 
with the above evidence concerning 
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gamma globulin is the common tend- 
ency for a high incidence of B to oc- 
cur in later life, while epidemics of A 
rarely strike older individuals when 
they sweep through a community. In 
hepatitis A this immunity appears 
usually to be permanent and adds its 
antibodies when collected to the gen- 
eral pools of plasma for fractionation, 
while virus B either is a relatively in- 
frequent cause of disease or does not 
produce a very solid immunity. In the 
original studies on homologous im- 
munity with Neefe!’, the test of re- 
sistance by using the same virus par- 
enterally in volunteers who had had 
jaundice from the Ft. Bragg strain 
previously, resulted in questionable 
hepatitis in at least 5 of 9 men. 

It seems appropriate to add to the 
above 5 differences 2 others which are 
not as clear-cut and which still require 
an amount of study that already 
promises to be highly fruitful. 

The carrier state, although well 
recognized for a number of years in 
hepatitis virus B with respect to the 
blood, has only recently been studied 
in volunteers. Nothing is known con- 
cerning the presence or absence of a 
blood-borne carrier state in hepatitis 
A, although this virus has been found 
in the stools of 2 children chronically 
ill with mild hepatitis without jaundice 
for 5 and 15 months respectively, in 
an endemic infection in a Chicago 
orphanage studied together with 
Capps, Bennett, Drake, Ettinger, and 
Mills'. Apparently the carrier state 
in hepatitis virus B, if one accepts the 
long incubation period as a general 
indication of the presence of this virus, 
has been found in at least 7 individ- 
uals, all with no history of jaundice. 
Since the carriers of hepatitis virus B 
were discovered chiefly by the resultant 
jaundice in recipients of their blood, 
and since individuals who have a his- 
tory of jaundice are usually rejected 
as donors, it is not strange that most 
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of the carriers thus far detected gave 
no history of the disease. Several of 
the carriers have had chronic hepatitis 
as shown both by biopsy and by posi- 
tive liver function tests?*14, At least 2 
have been chronic alcoholics, thus 
raising the question of a possible re- 
lation between hepatitis virus B and 
alcohol in the production of chronic 
fibrosis of the liver. 

I am mentioning hepatitis virus B 
in relation to the carrier state because 
again there appears to be a distinctly 
higher incidence of the carriers of this 
virus than of carriers of hepatitis virus 
A, although this difference is based on 
as yet inadequate evidence, and could 
not be considered as an important dis- 
tinguishing feature between the two 
viruses. 

A final point of differentiation is of 
increasing importance as the data ac- 
cumulate, namely, the use of a skin 
test developed chiefly by the Drs. 
Henle at The Children’s Hospital of 
Philadelphia, which consists of irradi- 
ated amniotic fluid from embryonated 
eggs infected with hepatitis virus A‘. 
The irradiated amniotic fluid is in- 
jected intradermally in doses of 0.1 cc. 
of undiluted fluid or diluted 1:10, with 
a control in the opposite forearm of ir- 
radiated non-infected amniotic fluid. 
Previous experience of the tested in- 
dividual with virus A is generally in- 
dicated by a red and usually indurated 
reaction above 10 by 10 mm. in diam- 
eter at 24 hours. When the test material 
is adequate the accuracy of the test 
as conducted in several thousand in- 
dividuals appears to be about 80 to 
90%, a percentage approaching that of 
the Schick test?*. The test material is 
not commercially available on account 
of its lack of stability, although lyophil- 
ization has aided considerably in this 
respect.. There have also been many 
false positive tests in control materials 
and adequate material has been dif- 
ficult to produce. Recently use of the 
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lyophilized material in large outbreaks 
in various parts of the country has 
furnished valuable epidemiologic data 
to both our own group of workers and 
to a few others who have used the 
test in conjunction with our workers. 
One difficulty also lies in determining 
that all of the virus in the test material 
has been inactivated by irradiation, 
since studies with the test suggest that 
immunity to hepatitis A may be pro- 
duced by the skin test itself’. 

Thus far the studies with the test 
serve our purpose here in distinguish- 
ing between viral hepatitis A and B 
in that individuals who have had the 
latter disease react positively to the 
test in the same percentage one would 
expect for a random sample of the 
population of the same age range and 
not at all in conformity with the tests 
in individuals who have had epidemic 
hepatitis. However, hepatitis B occurs 
so often in older individuals who al- 
ready are likely to have had some ex- 
perience with hepatitis A, that a con- 
siderable percentage of these individ- 
uals have positive tests. 

If the test fulfills its early promise 
of high percentage of positivity in 
epidemics thus far studied’, it again 
should aid in clearly separating the 
viruses A and B. 

The necessity of limiting the studies 
to volunteers, since no other animal 
is susceptible, emphasizes the import- 
ance of developing serologic tests for 
both viral agents. Usually the skin test 
material when diluted 1:10 has no long- 
er sufficient antigen to be active, thus 
indicating by its low titer the chief 
reason apparently for the lack of ade- 
quate serologic tests by the use of in- 
fected amniotic fluid. The accompany- 
ing Table ‘1 recapitulates the points 
above outlined. 

I have outlined the differences in 
some detail because they review some 
of the more important recent findings 
in viral hepatitis and unless these find- 
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ings are thoroughly understood it is 
too easy to theorize about the antigenic 
unity of viral hepatitis. Most of the 
work to date and particularly in the 
last few years the skin test, as used 
in epidemics widely separated in time 
and space, suggest that hepatitis virus 
A may be a single antigenic entity 
similar to measles, to which one at- 
tack gives immunity, and for which 
antibodies remain in the blood during 
life in considerable quantities. On the 
other hand, the information is certainly 
incomplete concerning the unity or 


TABLE 1.- 


Cross-immunity 


Protection by gamma globulin* 


Virus in stools 
Incubation (days) 
Usual age range 
Blood carriers 
Skin test** 
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being susceptible to aureomycin or 
terramycin, and the other resistant, the 
compound infection requiring both 
agents for its full activity in the liver. 
Only one of these is a virus, while the 
other is an organism, larger than a 
virus and endemic in mice, Eperythro- 
zoon coccoides. 

In human viral hepatitis, since the 
liver actually appears to be sensitized 
by hepatitis virus B, so that it is more 
susceptible to infection with virus A 
and vice versa, there may be a synergis- 
tic reaction between the two viruses. 


CONTRAST BETWEEN VIRAL HEPATITIS A (IH) AND B (SH) 


A B 
0 0 
+ 
+ 0 
20-30 + 60-90 + 
Below 30 years All ages 
20 + 
0 


* From Red Cross pools of plasma by ethanol fractionation 


method. 


** Chick embryo amniotic fluid infected with hepatitis virus 
A (Akiba strain) and irradiated with ultraviolet light. Still in 


the experimental stage. 


multiplicity of antigenic types in viral 
hepatitis B. Obviously there may be 
strain differences in both A and B 
which only the development of sero- 
logic tests could clarify. 

The 7 differences outlined offer con- 
clusive evidence that there is an anti- 
genic distinction between hepatitis 
viruses A and B. That these are ap- 
parently greater than mere strain dif- 
ferences, such as those found among 
the strains of influenza A, appears quite 
probable, because of the lack of im- 
munity and of serum antibodies in the 
older groups of the population to hepa- 
titis virus B. 

Andrewes® has recently described a 
viral hepatitis with jaundice of mice 
which apparently has no immunologic 
relation to the human viral hepatitis, 
but which includes two agents, the one 


No susceptibility to aureomycin, ter- 
ramycin, or other antibiotics has been 
demonstrated. Certainly human viral 
hepatitis does not appear to be a com- 
pound infection of two viral agents A 
and B. 

These considerations lead to an im- 
portant point in chronic viral hepatitis 
which may have broad significance in 
other diseases. When we began to 
study the effect of aureomycin on both 
acute and chronic viral hepatitis A, it 
became apparent that a beneficial ef- 
fect occurred in some of the chronic 
cases but not in the acute cases when 
moderate doses of this antibiotic were 
used. Theoretically this was originally 
explained by a possible sparing action 
of the aureomycin as a result of re- 
duction in bacterial action in the in- 
testine: in bacteria themselves, the 


| 
| 
S 


306 STOKES: 
products of the bacteria, or the reduc- 
tion in absorption of materials pro- 
duced by bacteria as a result of their 
action on intestinal contents. This 
theoretical concept was first studied 
in viral hepatitis of man with Sborov 
and Shaffer at the Army Hepatic and 
Metabolic Center*!, Valley Forge Hos- 
pital, and later thoroughly with 
Gyorgy" in hepatic necrosis of rats 
on diets deficient in the sulfhydryl 
amino acids and vitamin E, with British 
yeast as the only source of protein. 

A large proportion of rats are par- 
tially protected from such hepatic ne- 
crosis when fed aureomycin and peni- 
cillin. These results have been carried 
over by Gyorgy’? to the study of 
hepatic cirrhosis of rats produced by 
choline deficient diets, and aureomycin 
in a similar manner has protected most 
of them from cirrhosis. 

The results at present suggest an im- 
portant area of interaction between in- 
testinal bacteria and a damaged liver; 
whether damaged by viruses, deficient 
diet, or radiation injury (as indicated 
in radiation injury by Dr. Philip Mil- 
ler and his group in Chicago’ *). It is 
possible that the outbreaks of diarrhea 
so often preceding epidemic hepatitis 
may either spread the hepatitis virus 
from an early case or from an intestinal 
carrier, or by absorption of bacteria or 
their products through the liver may 
render it a more fertile soil for the 
later hepatitis virus. The interaction of 
intestinal viruses and bacteria is es- 
sentially an unexplored field. Our 
studies with aureomycin, terramvcin, 
and penicillin afford one approach to 
this field. Infections of the respiratory 
tract illustrate one type of interaction 
between viruses and bacteria. It ap- 
nears that comvound infections which 
include the interaction of viruses and 
bacteria may occur in varied forms in 
the intestinal tract. The liver may well 
aid in the study of such compound in- 
fections because it represents, particu- 
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larly in its left lobe, which in contrast 
to the right lobe absorbs more of the 
products of the large intestine, a sen- 
sitive filter for detection of viral or 
bacterial products or for the micro- 
organisms themselves. As in hepatic 
necrosis of rats, altered livers may be 
used in animals as sensitive indicators 
of intestinal flora. Viral hepatitis of 
animals could well be used also for 
similar purposes. 

The follow-up of cases of chronic 
viral hepatitis and of carriers would 
strongly suggest that chronic fibrosis of 
the liver is far more closely related 
to these viruses than has previously 
been realized. The possible compound- 
ing of such factors as chronic amebic 
infections, carriers of such organisms 
as S. typhosa or S. cholerae suis, virus 
carriers or chronic cases of viral hepa- 
titis, alcoholism and nutritional de- 
ficiencies, and chronic poisoning from 
various chemicals or metals must be 
considered. Since viral hepatitis, at 
least in its A form, strikes most individ- 
uals, its possible relation to such com- 
pound effects is particularly import- 
ant. Does it remain in the liver at 
times as the virus of herpes simplex 
remains in the skin and is it excreted 
with the bile into the intestine? Does 
it remain in the intestinal tract mucosa 
in the same manner and cause digestive 
disturbances which are reflected in the 
liver by direct extension or by absorp- 
tion products? If continuously a haz- 
ard, does it interact in the liver with 
bacteria or their products over a pe- 
riod of years? 

Although it has been only a decade, 
as mentioned, since the viruses of hepa- 
titis have been actively investigated, 
and in only a few places because of 
the requirement of volunteers, we have 
means at least of controlling completely 
sharp outbreaks of epidemic hepatitis, 
and the complete control of the hepa- 
titis virus (or viruses) B in plasma at 
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least appears imminent. When one 
compares such progress in the prac- 
tical field of control with the progress 
in such a viral disease as poliomyelitis, 
which has been now studied more 
widely with a number of species of an- 
imals other than man, for at least 4 
decades, the advances in knowledge of 
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viral hepatitis appear to be relatively 
rapid. There is at present the greatest 
hope that the volunteer may be re- 
placed by the chick embryo, by tissue 
cultures, or by some other susceptible 
animal, so that even more rapid prog- 
ress may be made without the attend- 
ant risks. 
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BELL’S PALSY TREATED WITH CORTISONE 


By H. RorHENDLER, M.D. 


(From the Department of Medicine, Hospital for Joint Diseases, New York, New York.) 


THERE have been many treatments for 
Bell’s palsy. All have been non-specific, 
tending to treat the effects rather than 
the cause, and no treatment has been 
able to achieve a dramatic remission in 
the facial paralysis. Recovery, when 
seen, is usually slow. The greater num- 
ber of cases treated with accepted 
physiotherapeutic methods show im- 
provement only after several weeks. 
Moreover, the longer the duration of 
the acute stage before improvement 
begins, the more common is residual 
paralysis. Although the onset has often 
been related to exposure to cold and 
inclement weather, and is often as- 
sociated with respiratory infections, 
no specific etiology has been proven. 

The changes which occur in the 
nerve and its sheath have been care- 
fully studied, and it has been found 
that both are involved in an acute 
inflammatory reaction. It has been 
shown that edema of the nerve sheath 
as it passes through the dense bony 
portion of the fallopian aqueduct be- 
tween the horizontal canal of the 
labyrinth and the stylomastoid foramen 
so compresses the nerve fibers as to 
interfere with their normal function. 
Morris” reported several cases in which 
the bony portion of the horizontal 
‘anal was laid open to relieve this 
acute nerve compression and the sheath 
cut at this point, leading to prompt 
restoration of nerve function. Hall! 
described the lesion in cases of Bell's 
palsy found at operation for decom- 
pression of the facial nerve. In all in- 
stances an acute inflammatory reaction 
of the nerve was found with an exudate 
in the cells at the tip of the mastoid 
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process, The bone near the stylomastoid 
foramen was found to be soft and the 
facial nerve very edematous. 

Since the inflammatory reaction was 
of a non-specific nature, and _ since 
cortisone has been successful in re- 
lieving certain non-specific congestive 
changes, it seemed logical to apply its 
action to this type of case. Accordingly, 
one such case of Bell’s palsy was treated 
with cortisone with very prompt and 
complete recovery. This case was re- 
ported in October 1951‘, and the hope 
was voiced that others would be en- 
couraged to use this treatment. Since 
then 5 additional cases of Bell’s palsy 
have been treated in this manner by 
the writer, and the results have been 
sufficiently gratifying.to prompt this 
further report. The original and 6 ad- 
ditional cases are herein presented. 


Case Reports. Case 1. A female patient, 
aged 59, was admitted to the hospital with 
a left facial paralysis which was first noted 
on arising that morning. She had previously 
had an upper respiratory infection for several 
days. She showed complete flaccidity of all 
left facial muscles. The left lower lid was 
completely everted and marked lacrimation 
was evident. The left corner of the mouth 
showed considerable drooping with drooling 
of all fluids taken. The following day the 
patient was given 100 mg. of cortisone intra- 
muscularly every 6 hours. Forty-eight hours 
later the patient volunteered the information 
that she was regaining control of her facial 
muscles. She showed less lacrimation and 
less drooling. The following day there was 
definite further improvement, and with re- 
turn of control of the lower lid no lacrimation 
was evident. The left corner of the mouth 
was definitely under voluntary control. On the 
5th and 6th days the dosage of cortisone was 
decreased to 100 mg. every 8 hours. Im- 
provement was noted daily and on the 7th 
day muscular control was completely re- 
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covered. Over the next 6 days the dosage of 
cortisone was gradually decreased. The pa- 
tient was discharged on the 13th day with no 
evidence of residual paralysis. 

Case 2. A young girl, aged 13, was ad- 
mitted to the hospital with paralysis of the 
left side of her face and loss of taste over the 
left side of the tongue. She had first noted 
weakness of the face 3 days prior to admis- 
sion. This had increased in severity until she 
was unable to retain liquids in her mouth. 
There was complete loss of function of the 
left eyelid, inability to wrinkle the left fore- 
head or raise the left corner of the mouth. 
The remainder of the examination was non- 
contributory except for a temperature of 
100.2° F. She was started on 100 mg. of 
cortisone intramuscularly every 6 hours. 
After 24 hours of therapy, she volunteered 
the information that her taste had returned. 
This was confirmed by appropriate tests. The 
dose was reduced to 50 mg. every 6 hours 
for the second day. On the 8rd day of 
therapy the first signs of improvement were 
noted. Drooling of liquids stopped and she 
was able to demonstrate some closure of 
the left eyelid and with concentrated effort, 
the ability to raise the left eyebrow. The 
dosage was decreased to 50 mg. every 8 
hours on the 4th day. Further improvement 
was noted on the 7th day, when there was 
a dramatic change overnight. She regained 
good function of the left eyebrow, left eye- 
lid and all left facial function. Recovery of 
all facial function was complete on the 10th 
day. Over the following 3 days the dosage 
of cortisone was slowly decreased to avoid 
abrupt termination of the drug. 

Case 3. A female, age 25, was admitted 
to the hospital with loss of motion of the 
muscles of the right side of her face. She 
stated that 5 days prior to admission she had 
experienced pain over the right mastoid 
region, associated at the same time with 
inability to retain fluids which drooled out 
of the right corner of her mouth. She had 
also lost taste over the right side of her 
tongue. This loss of facial function increased 
in severity until on admission there was 
inability to close the right eyelid, elevate 
the right eyebrow, wrinkle the right forehead, 
or control the right side of the mouth. She 
was started on cortisone, 100 mg. every 4 
hours for the first 24 hours, and 100 mg. 
every 6 hours for the second and third days. 
On the second day of treatment she showed 
slight ability to close the right eyelid with 
concentrated effort. She also volunteered the 
information that she had a sensation of 
feeling again in the right side of her face 
and lips. On the third day there was im- 


BELL’S PALSY TREATED WITH CORTISONE 359 


provement in taste over the right side of 
her tongue, and she could initiate easy mo- 
tion in the right lower lid. On the 4th day 
the dosage was decreased to 100 mg. every 
8 hours. The course continued without any 
noticeable change through the 7th day. 
The dosage was further decreased on the 8th 
day to 100 mg. every 12 hours, and on the 
9th day dramatic improvement was ob- 
served. She regained control of her mouth, 
could wrinkle her forehead, and was able to 
close her eyelids with ease. The dosage was 
decreased to 50 mg. every 12 hours and 
gradually decreased to elimination over the 
next few days. During these last few days 
recovery proceeded daily at a rapid pace. 
All facial function was recovered completely 
and the only residual difficultly was slight 
loss of taste remaining in the anterior third 
of the right side of her tongue. 

Case 4. A 65-year old male was seen with 
a left facial paralysis. This had begun 5 days 
prior to the onset of treatment with pain in 
the left ear. The peripheral facial paralysis 
was complete with loss of motion in the 
lower lid, continuous lacrimation, and droop- 
ing of the left corner of the mouth. Treat- 
ment consisted in the administration of oral 
cortisone, 100 mg. every 8 hours for 3 days, 
and 50 mg. every 8 hours for the next 4 
days. Marked improvement was noted on 
the third day and complete recovery after 
7 days. 

Case 5. A 45-year old female was first seen 
9 days after the onset of a peripheral facial 
palsy on the right side. This was quite severe 
and was accompanied by loss of taste over 
the anterior two-thirds of her tongue on the 
right side. She was given 500 mg. of cortisone 
orally in the first 24 hours, after which her 
taste returned and she was able to close 
her right eye. On the second day she received 
400 mg. of cortisone and for the following 
3 days, 300 mg. daily. Facial muscle function 
began to return on the 8th day at which 
time, the dosage had been decreased to 
200 mg. daily. Function continued to im- 
prove rapidly and was completely normal 
on the 12th day when all medication was 
stopped. 

Case 6. A 35-year old male patient pre- 
sented himself. He displayed evidence of 
paralysis of the right side of his jaw. Five 
days previously on awakening, he found 
that he was unable to use the muscles of 
the right side of his face. There was marked 
eversion of the lower lid with lacrimation, 
complete loss of control of the right side of 
the mouth, drooling of fluids, and inability 
to wrinkle the forehead on that side. He also 
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complained of a roaring noise in the right 
ear. 

He was started on cortisone tablets, 75 mg. 
every 6 hours for the first 24 hours and 
50 mg. every 6 hours for the following 6 
days. No change was noted until the 5th 
day, when the patient was able partially to 
close the right eye and elevate the right 
eyebrow. On the 7th day there was a marked 
improvement both subjectively and _ objec- 
tively. The patient stated that he felt better 
control of the muscles of his forehead. He 
was able to close his right eye, use his lips 
with effectiveness, and to wrinkle his fore- 
head. 


TABLE 1. 


BELL'S PALSY TREATED WITH CORTISONE 


then had shown no evidence of improvement. 
The paralysis was noted to be severe with 
involvement of all muscles on the affected 


_ side. She showed no nerve response to 


faradic stimulation. She was started on 
400 mg. of cortisone daily by mouth and 
continued on large dosage with no response 
after 14 days on medication. Observed 14 
days later, about 38 days after the onset, 
there was still no sign of recovery. 


Comment. Doubt can be raised as 
to the efficacy of cortisone in a condi- 
tion which often shows spontaneous 


DOSAGE SCHEDULE IN MILLIGRAMS OF CORTISONE GIVEN TO 


7 PATIENTS WITH BELL’S PALSY 
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The dose of cortisone was decreased to 
50 mg. every 8 hours for the 8th and 9th 
days, then further decreased to 50 mg. every 
12 hours for the 10th, 11th, and 12th days. 
His recovery was quite complete by this 
time, and for the next 4 days the dose was 
slowly tapered off so as not to stop medica- 
tion abruptly 

Case 7. A 2l-year old female was seen 
with the peripheral type of paralysis of the 
right side of her face. The paralysis was first 
noted 10 days prior to admission and since 


Case No. 

4 5 6 , 
800 500 300 400 
800 400 200 £00 
300 300 200 £00 


150 800 200 300 
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150 200 200 200 
100 200 150 200 
75 100 150 150 
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25 25 100 50 
25 100 0 

50 25 
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improvement. However, it should be 
pointed out that in the average mild 
untreated case of Bell's Palsy, recovery 
is not evident until after 4 to 6 weeks. 
Patients who do not improve by this 
time commonly show evidence of resid- 
ual nerve atrophy and paralysis. In 6 
of our seven cases the recovery began 
within the first week of therapy and 
was complete by the end of the second 
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week. This uniform response could 
hardly be attributed to spontaneous 
recovery. 

The beneficial action of cortisone in 
these patients can be assumed to be 
due to a reduction in the congestion 
and related ischemia of the nerve and 
its sheath in the bony canal. It follows, 
therefore, that the cases which could 
best benefit from this form of therapy 
would be those in which treatment 
can be begun soon after the onset, 
since prolonged edema of the nerve 
and its sheath could result in irrever- 
sible nerve atrophy. The longest time 
which elapsed between the onset of 
symptoms and the beginning of treat- 
ment in the successful cases was 9 
days. The seventh case received corti- 
sone only after a severe paralysis had 
been present for 10 days, during which 
time nerve atrophy as indicated by 
faradic test, had taken place. This is 
not intended to imply that all cases 
will show nerve atrophy after 10 days, 
since the degree of atrophy is also de- 
pendent upon the severity of the in- 
Hammation. However, it should be 
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emphasized that this is not intended as 
a treatment of old cases of Bell's palsy. 

It was felt that whatever advantage 
could be derived from the action of 
cortisone should be attained as quickly 
as possible. To produce the maximum 
effect promptly large doses of cortisone 
were employed initially. Table 1 shows 
the schedule of dosage employed in 
these seven cases. Although the first 
cases were treated with intramuscular 
cortisone, the last 4 received cortisone 
tablets orally. 

Summary. Seven cases are presented 
showing the favorable response of 
acute Bell’s palsy to treatment with 
cortisone in 6 cases and failure in one. 
The rationale is assumed to be the 
ability of cortisone to relieve the acute 
edema and inflammatory reaction of 
the facial nerve and its sheath, which 
cause marked compression of the nerve 
as it passes through the bony portion 
of the fallopian aqueduct. This allows 
for early restoration of nerve function. 
Where nerve atrophy has already taken 
place, cortisone cannot be expected to 
have a beneficial effect. 
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BODY POSITION IN RELATION TO VENOUS AIR EMBOLISM AND THE 
ASSOCIATED CARDIOVASCULAR-RESPIRATORY CHANGES* 


By Morton J. OPPENHEIMER, M.D. 
PROFESSOR OF PHYSIOLOGY 


THomMas M. Durant, M.D. 
PROFESSOR OF CLINICAL MEDICINE 


AND 


PETER Lyncu, A.B. 


ASSISTANT IN PHYSIOLOGY 
WITH TECHNICAL ASSISTANCE OF DONNA WEBBER, A.B. 


(From the Departments of Physiology and Medicine, Temple University School of Medicine, 


Philadelphia, Pa.) 


VENOous air embolism is not a com- 
mon accident in medicine. However, it 
is undoubtedly more frequent in oc- 
currence than has been generally ap- 
preciated”°, and when it does occur, it 
is often fatal. The importance of the 
subject warrants a better understanding 
of the associated pathophysiology than 
is presently available. Except for elec- 
trocardiographic cir- 
culatory responses to air embolism 
have been studied in the experimental 
animal only a few times®12-13.31, Data 
relative to changes taking place in res- 
piration are equally infrequent. It is 
possible that a better understanding 
of these alterations would allow the de- 
velopment of more successful preven- 
tive and therapeutic measures. 

Previous investigation led the authors 
to recommend the left lateral position 
as a means of treating venous air em- 
bolism®.**:?5, and it was suggested that 
the benefit obtained from this position 
was the result of displacement of an 
obstructing air trap from the right ven- 
tricular outflow tract. Such an air trap 
would be located in this portion of the 
lesser circulatory system when the ani- 
mal was on the back or on the right 
side since, in these positions, it is the 


most superiorly located portion of the 
heart and the principle of air buoyancy 
must apply, of course. In the left lat- 
eral position the right ventricular out- 
flow tract is located inferiorly to the 
body of the right ventricle itself and 
the air trap would be thus displaced 
into a larger space with less tendency 
to cause obstruction. It has been since 
pointed out by Wiggers*! that such an 
explanation might be interpreted to 
imply a drop in pulmonary arterial 
pressure distal to the air trap located 
in the pulmonary conus region, and 
that this pressure, on the contrary, ac- 
tually rises rather than falls??-13.31, 
This study was undertaken in an at- 
tempt to solve this enigma, and, at the 
same time, add to our knowledge of 
circulatory and respiratory adjustments 
that determine whether or not survival 
is to occur with varying doses of air 
and in various body positions. The op- 
portunity was also taken to check the 
site of lodgment of the injected air in 
different positions of the circulatory 
system by necropsy following the com- 
pletions of the various experiments. 
Methods. Ninety-eight mongrel dogs were 


used. These were anesthetized with pentothal 
sodium (20 mg./kg.) and barbital sodium 


* Supported in part by a grant from the U. S. Public Health Service, H-1311. 
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150 mg./kg.) intravenously. Blood pressures 
were recorded by Statham strain gauges con- 
nected to catheters suitably placed with fluo- 
roscopic guidance in a carotid artery, pulmo- 
nary artery, pulmonary vein or jugular vein 
in various combinations. The output of these 
gauges was led to Consolidated galvanom- 
eters. Light beams reflected from the mirrors 
of the latter inscribed on the moving bromide 
paper of an 18-inch-wide Waters-Conley 
camera. In every case the pressures that were 
later measured were end diastolic pressures. 
In many instances the pulmonary pressures 
were integrated against pleural pressures by 
means of a differential Statham strain gauge. 
Respiration was registered by means of a 


lungs. The site of any residual air was care- 
fully noted. Necropsies were carried out in 
the position (right lateral, supine, left lat- 
eral) in which the animals were placed at the 
time air was injected. 

A biplane steroscopic angiocardiograph*:5 
(using 2 Fairchild magazines with 2 Roent- 
gen-ray beams at right angles to each other, 
so that AP and lateral views are made simul- 
taneously) was used to study, at frequent 
intervals, the air as it entered the heart and 
pulmonary vessels. 


Results. A. EFFECT OF DIFFERENT BODY 
POSITIONS UPON SURVIVAL AFTER VENOUS 
AIR EMBOLISM. The post-injection sur- 


TABLE 1.—EFFECTS OF POSITION ON SURVIVAL FOLLOWING VENOUS AIR EMBOLISM 


Group Cases 
1. Right side, not turned 9 
(7.5 cc./kg.) 

2. Right side, not turned 18 
(5.0 ec./kg.) 

3. Left side 16 
(7.5 cc./kg.) 

t. On back, turned on left 18 
(7.5 ece./kg.) 

5. On back, not turned 16 
(7.5 ec./kg.) 

6. On back, not turned 21 

(5 ec./kg.) 


Level of 
Died Survived Confidence?" 
9 0 (00.0%) 1% 
14 4 (22.2%) not 
significant* 
6 10 (62.5%) 5% 
7 11 (60.1%) 5% 
11 5 (31.2%) control 
1 20 (95.2%) 1% 


* If this category is compared with the series done on the back, not turned, receiving 5.0 cc./kg., 


then the level of confidence becomes 1%. 


spirometer writing on a kymograph. The ani- 
mals were lightly heparinized in order to pre- 
vent clots in catheters. Air injections were 
made into a cannulated femoral vein. Oxygen 
and carbon dioxide concentrations were deter- 
mined from femoral arterial whole blood 
specimens. Hematocrit determinations were 
done in almost every case. 

Electrocardiographic recording (usually 
Vy) was made on the same bromide paper 
as the other optical records. 

Dogs were studied in various positions: on 
back, not turned after air embolism; on back, 
turned on left side after air embolism; on 
the left side during air embolism; and on the 
right side during air embolism. Varying doses 
of air were injected. The doses used were 
those which we found to approximate the 
fatal level in a significant percentage of cases. 
Injections of air were made as rapidly as pos- 
sible, usually within 1 to 5 seconds. 

All dogs were examined by autopsy at the 
close of each experiment to determine the 
presence or absence of air in the heart and 


vival rates in the supine, right lateral 
(right side down) and left lateral (left 
side down) positions, are summarized 
in Table 1. Also included is a group in 
which the injection of air was made 
with the animal in the supine position, 
but in which it was turned onto the 
left side 30 to 60 seconds after the 
first objective signs of air embolism 
(transient hyperpnea, progressive pol- 
ypnea or the onset of apnea) had be- 
come evident. For the purposes of this 
paper polypnea is defined as an in- 
creased rate with decreased depth of 
respiration, and hyperpnea as an in- 
crease in both rate and depth. For pur- 
poses of statistical comparison, the 
group (No. 5) which received 7.5 
ce./kg. in the supine position without 
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being turned was used as the contro} 
group. 


It will be noted from the table that 


the survival rate in the control group 
was only 31.2%. When the dose of air 
in the same position was reduced to 
5 cc./kg. almost all of the animals sur- 
vived, giving a highly significant dif- 
ference statistically between these 2 
groups. A comparison of these with 
the 2 dosage groups (No. 1 and No. 2) 
in the right side position showed a 
highly significant difference between 
the controls and those receiving 7.5 
ce./kg. (Group 1), since all of the 
latter died. The right side group re- 
ceiving 5 cc./kg. (Group 2) had a 
small survival rate which was not sig- 
nificantly different from that of the con- 
trols, though the latter received 7.5 
cc./kg. Thus the average lethal dose 
of air for dogs in the supine position is 
between 5.0 and 7.5 cc./kg., while for 
those in the right side position it is less 
than 5.0 cc./kg. The findings for the 
left side were much the same for 
groups 3 and 4, namely, for those that 
were initially placed on the left side 
and for those who were turned from 
the supine position onto the left side 
after air embolism. In each of these 
groups 7.5 cc./kg. of air was adminis- 
tered and the survival rate was approxi- 
mately 60%. These rates constitute sig- 
nificant differences from the control 
group and demonstrate the advantage 
of the left lateral position in air em- 
bolism. 

B. CIRCULATORY EFFECTS OF VENOUS 
AIR EMBOLISM. Immediately after the 
injection of air in all of the experi- 
mental groups, there was noted an 
abrupt fall in the systemic arterial pres- 
sure which often persisted for periods 
of 8 to 11 minutes. The fall in carotid 
pressure was associated with a brady- 
cardia in the systemic arterial record- 
ing. This slowing of rate was in part 
actual, but in most instances it was du> 


mainly to extrasystoles which devel- 
oped intracardiac pressures sufficient 
to open the pulmonary, but not the 
aortic, valve. The pulmonary arterial 
end diastolic pressures rose abruptly 
immediately after the air injections in 
all of the animals, but then declined 
gradually to control values or lower, 
In those animals which recovered there 
was a secondary rise in this pressure, 
a phenomenon which was not noted in 
the majority of fatal cases in any of the 
groups. During this secondary rise in 
the surviving animals there was fre- 
quently noted the occurrence of an 
arrhythmia due to ventricular extra- 
systoles in bigeminal arrangement. It 
was often after this that an abrupt rise 
in systemic pressure occurred. In all 
of the animals there was an abrupt ris? 
in the central systemic venous pressure. 
The pulmonary venous pressure was 
elevated soon after the injection of air 
in the majority of animals in which this 
was measured (5 out of 8 in Group 2, 
6 out of 7 in Group 3, 3 out of 3 in 
Group 4), with the exception of Group 
1, in which there was no rise in any 
of the animals. 

The circulatory changes are of par- 
ticular interest in the group of animals 
turned onto the left side after the in- 
duction of air embolism in the supine 
position. In 10 of these animals the 
pulmonary arterial pressure was re- 
corded throughout the experiment. Six 
of these were in the surviving group 
and in all of these, following the usual 
primary rise and the subsequent fall in 
this pressure seen in all the other 
groups, there was a secondary rise fol- 
lowing the turn onto the left side. Co- 
incident with this secondary pressure 
rise, or immediately thereafter, there 
was a rise in the systemic arterial pres- 
sure, and there was also noted bigem- 
inal rhythm. Of the 4 animals that 
succumbed despite the turning onto 
the left side, and in whom the pul- 
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onary arterial pressure was recorded, 
only 2 showed this secondary rise. 

C. RESPIRATORY EFFECTS OF VENOUS 
\IR EMBOLISM. Disturbances in respira- 
tory rhythm were dramatic features of 
all the experiments. In Group 1, im- 
mediately following the air injection, 
there was a brief period of polypnea 
followed by an equally brief period of 
hyperpnea, and then permanent apnea. 
It is important to note that in all of 
these animals, as well as in all those 
that succumbed in the other groups, 
the heart continued beating long after 
respiration had ceased. It should also 
be emphasized that in these, as well 
as in all other experiments, the respira- 
tory effects preceded the onset of an- 
oxia or hypocapnia. Terminally, hyper- 
capnia was sometimes seen when 
anoxia had developed during a long 
period of apnea. In 3 animals injected 
with 7.5 cc./kg. when on the right side, 
bilateral vagotomy had been carried 
out before the experiment. The _ re- 
sponse of these animals to the injection 
was similar except that the terminal ap- 
nea was interrupted by a short bout 
of hyperpnea. 

In Group 2, the 14 animals that suc- 
cumbed demonstrated either polypnea 
or hyperpnea before fatal apnea super- 
vened. In 3 instances a tendency was 
noted for the thorax to assume the in- 
spiratory position during the polypnea 
preceding the agonal apnea. The 4 an- 
imals that recovered demonstrated ini- 
tial hyperpnea or polypnea followed by 
apnea, and then a return of polypnea 
which continued to recovery. The lat- 
ter followed the secondary rise of pul- 
monary arterial pressure to which we 
have already alluded. 

In Group 3, polypnea was a con- 
sistent finding, and occurred with or 
without periods of apnea. When re- 
covery took place this was via polyp- 
neic breathing. 
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In Group 4, polypnea was again 
noted in all the animals, having its on- 
set 10 to 30 seconds after the air injec- 
tion, and quickly followed by apnea. 
The subjects were turned onto their 
left sides either just before the polyp- 
nea terminated or just after the be- 
ginning of the apnea. In those which 
survived, recovery usually took place 
through a_ progressively decreasing 
polypnea toward control values with 
their slower and deeper respirations. 
The recovery period, however, might 
be interrupted by several periods of 
apnea, decreasing in duration, and sep- 
arated by bouts of polypnea. Recovery 
was usually complete in approximately 
one-half hour. The onset of the polyp- 
nea which led to recovery was immedi- 
ately preceded by the secondary rise 
in pulmonary artery pressure and the 
bigeminal rhythm referred to previ- 
ously. 

In Group 5, the respiratory disturb- 
ances were very similar. In the fatal 
cases polypnea was the initial finding, 
followed by fatal apnea. In the sur- 
vivors recovery was by way of a sec- 
ondary period of polypnea, pulmonary 
pressure rise and bigeminus. 

In Group 6, the findings were the 
same as in Group 5, except that in 6 
instances no apnea developed at any 
time. In these there was the usual ini- 
tial polypnea with a progressive decline 
in amplitude, followed soon by a grad- 
ual increase, but remaining polypneic 
for at least 30 minutes. 

In a special group of 16 dogs, not in- 
cluded in the Table 1 analysis, the 
effect of the introduction of small doses 
of air (1 cc./kg. or less) directly into 
the pulmonary arterial circulation was 
tested. A No. 8 catheter was intro- 
duced as far as possible into the ter- 
minal vessels of the lung and the air 
introduced at this point. There devel- 
oped a persistent polypnea and hypo- 
tension without any change in heart 
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A BC D 


Fic. 1.—12-10-51. Dog on back, not turned, 7.5 ce. air/kg.; survived. Tracings from above 
downward: Electrocardiogram (V,), aortic blood pressure, pulmonary blood pressure (integrated 
against intrapleural pressure), central venous pressure, respiration (pneumograph). Scales at 
left and right are in mm. of Hg, upper left scale for aortic pressure, lower left for pulmonary 
artery, right scale for central venous pressure. Double ended arrow represents 10 seconds. 
At A, air was injected (between two millivolt signals of electrocardiogram), at B 2.5 minutes 
are omitted, at C secondary rise in pulmonary arterial pressure during apnea, at D bigeminus, 
bradycardia, polypnea and persistent rise in pulmonary pressure, central venous pressure 
elevated. Small insert above electrocardiogram represents spirometer record for a period 
equal to entire figure but at a much slower speed (8:50). Line B is same for insert and main 
record. Respiration shows apnea and polypnea. 


rate or electrocardiographic changes. 
In one instance a period of apnea pre- 
ceded the polypnea. The amount of air 
introduced did not cause over-filling of 
the arteries with entry of air into the 
pulmonary conus. The respiratory and 
hypotensive effects were prevented by 
bilateral cervical vagotomy. In every 
instance, regardless of the dose of. air 
or its situation in the pulmonary sys- 
tem, pulmonary artery end diastolic 
pressures were elevated. If air was in- 
troduced via catheters into the right 
atrium, right ventricle, or pulmonary 
conus, using doses up to 1 cc./kg., there 
developed polypnea with hypotension 
and bradycardia, and these effects were 
also prevented by vagotomy. 


D. ROLE OF ARTIFICIAL RESPIRATION. 
Since our experiments indicated that 
respiration always stopped before cir- 
culation came to a halt after venous air 
embolism, further information on the 
role of respiration was needed. Five 
experiments were carried out to pro- 
vide data on this point. Animals were 
placed on artificial respiration of a 
positive pressure type, and, after 15 


minutes, air embolism was induced by . 


femoral vein injection. Two dogs on 
their backs survived 7.5 cc./kg., but 
succumbed to a second dose of 10.0 
ce./kg. one hour later. A third animal 
died from the first dose of 10.0 cc./kg. 
while on its back. Two other dogs 
placed in the left side down position 
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Fic. 2.—8-22-52. Dog on back. Tracings made at fast speed, double ended arrow inc cates 
2 seconds, during this period air was inpected (5 cc./kg.). Tracings from above downward: 


Electrocardiogram (Lead II), aortic blood pressure, pulmonary arterial blood pressure, res- 

piration (pneumograph). There are more electrocardiographic complexes and more pulmonary 

pressure pulses than there are aortic pressure pulses during the abrupt fall in blood pressure. 
This produces the apparent bradycardia in the systemic pulse. 


survived initial doses of 7.5 cc. and 
10.0 cc./kg. respectively and one hour 
later were able to accept 10.0 cc. and 
12.5 cc./kg. respectively without fa- 
tality. 

ELECTROCARDIOGRAPHIC CHANGES. 
The electrocardiographic changes ob- 
served in these experiments were sim- 
ilar to those described in previous pub- 
lications®:®.'°, Lead Vp, the only lead 
studied in most cases, demonstrated 
diminution of the size of QS, and ele- 
vated T waves and ST-T junctions were 
common during the acute phases of air 
embolism. Extrasystoles were oriented 
with the beam moving downward. 

F’, DISTRIBUTION OF AIR AT POSTMOR- 
TEM EXAMINATION. In the fatal cases 
in all groups, air was found in the 
venae cava, in the right atrium and 


ventricle, and in the pulmonary arterial 
branches. In 2 of the 9 cases in Group 
1, air was also found in the left ventricle 
and coronary arteries. In the surviving 
cases in all groups the findings were 
determined by the time of the necropsy 
following the air embolism. When this 
was carried out within 15 to 20 min- 
utes, small amounts of air were usually 
found in the great veins, right heart, 
pulmonary conus and pulmonary artery. 
The body of the right ventricle always 
contained the least amount of air. 
When the time interval was longer air 
was not demonstrable. 

G. BIPLANE F LUOROANGIOCARDIO- 
GRAPHIC sTuDIES demonstrated that air 
was trapped in the right ventricular 
outflow tract and pulmonary artery as 
previously postulated by us®. In surviv- 
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ing animals this air was present when 
respiration was resumed following the 
apnea typical of air embolism. Polyp- 
nea persisted for a period of time after 
the air trap had disappeared. In fatal 
cases the outflow tract and pulmonary 
artery remained filled with air. A sub- 
sequent publication will deal more fully 
with these roentgenologic aspects of air 
embolism. 

Discussion. The amount of air neces- 
sary to kill dogs when injected intra- 
venously has been estimated by several 
investigators. Harkins and Harmon 
stated that the minimum lethal dose 
in one anesthetized dog was 8 cc./kg. 
when the total amount of air was in- 
jected within 20 to 30 seconds. Richard- 
son et al.?* found that the rate of in- 
jection was of great importance and 
that very large doses could be tolerated 
when injected slowly. They also found 
that anesthesia increases the dog’s toler- 
ance to intravenous air. Wolffe and 
Robertson** reported one dog out of 
an unspecified number of experiments 
that tolerated 15 cc./kg. after a long 
series of daily injections in which the 
dose was gradually increased. No state- 
ment is made concerning the position 
of the animal in any of these reports. 

In our experiments the average lethal 
dose for dogs in the supine position 
was found to be between 5.0 and 7.5 
cc./kg., since the majority of the ani- 
mals receiving the latter dose died, 
whereas almost all of those receiving 
the former survived. The rate of in- 
jection was very rapid (1 to 5 seconds). 
The advantage of the left lateral posi- 
tion, either when the air is injected, 
or of being turned into that position 
within 30 to 60 seconds after the in- 
jection, is well demonstrated by these 
experiments. At a dose of 7.5 cc./kg. 
the chances of recovery are approxi- 
mately doubled since the survival rate 
is only 30% in the supine position, 
while it rises to approximately 60% 


when the left lateral position is used ° 


before or soon after the injection. These 
results are statistically significant. 
The pathophysiology of the dramatic 
respiratory and circulatory effects as- 
sociated with venous air embolism has 
been the subject of many previous in- 
vestigations. In our own earlier study‘ 
we pointed out that an air trap de- 
velops in the outflow tract of the right 
ventricle which acts as an effective 
circulatory block, and that this air 
trap is especially important when the 
animal is on his back or on the right 
side, since, in these positions, the conus 
region is superiorly located with re- 
spect to the remainder of the lesser 
circulation. In the left lateral position 
the right. ventricular outflow tract is 
inferior to the body of the right ven- 
tricle, and we postulated that the dis- 
placement of the air trap by the prin- 
ciple of air bouyancy accounted for 
the improvement which often occurred 
when animals were turned into this 
position after air embolism. The roent- 
genographic and postmortem studies 
in the present investigation have con- 
firmed the existence of this air trap. 
That the presence of a trap in this 
location does not imply a fall in pul- 
monary arterial pressure is indicated 
by the fact that, on the contrary, it in- 
variably rises, as has been indicated 
previously by Wiggers*!, and as our 
experiments also demonstrate. Evident- 
ly there occur obstructive phenomena 
both in the peripheral pulmonary cir- 
culation and in the right ventricular 
outflow tract, and the fact that the 
latter plays an important role is in- 
dicated by the significant reduction in 
mortality associated with displacement 


of this portion of the obstruction by ° 


left lateral positioning. 

The late secondary rise in pulmonary 
arterial pressure occurring after the 
decline from the initial rise has several 
possible explanations. The first of these 
involves a neurogenic mechanism. It 
is known that active vasoconstriction 
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of small pulmonary vessels can take 
place*’, and there is evidence that stim- 
ulation of neuroreceptors in the walls 
of the pulmonary vascular system may 
elicit a massive reflex vasospasm?*?%, 
It is possible, then, that the air in the 
pulmonary vessels may act in such 
manner as to initiate these reflexes. 
The bigeminal rhythm which coincides 
with the secondary pressure rise might 
well be considered as lending some 
support to the presence of an increased 
sympathetic discharge at this time. On 
the other hand, there have been some 
investigators who, working with starch 
suspension embolization'!, have been 
unable to note any influence of neuro- 
genic factors in this type of embolism 
since bilateral cervical vagotomy and 
bilateral stellate to fifth cervical gang- 
lionectomy has had little effect on mor- 
tality when usually fatal doses of starch 
are used. 

{nother possible explanation for the 
secondary pressure rise is one which 
may not involve a neurogenic mech- 
anism at all, or which may act in con- 
junction with the aforementioned neu- 
rogenic factors. This concerns the 
mechanical effect of additional doses 
of air pumped from the right ventricle 
into the pulmonary circulation. Such 
additional air may be derived from the 
aspiration of reservoirs in the cavae 
when there is a resurgence of respira- 
tory activity, or, in the animals turned 
onto the left side, it may be that air 
which has returned, with positioning, 
from the outflow tract to the body of 
the right ventricle, and which has then 
been pumped gradually into the pul- 
monary artery as froth with the blood. 

Finally, it is possible that the sec- 
ondary rise in pressure (as well as the 
initial rise) may be due to local anoxia 
distal to the air bubbles in the pulmo- 
nary vessels acting upon them in such 
a manner as to increase their tone. The 
possibility that such a mechanism 
exists is not invalidated by the fact 
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that our studies show no evidence of 
general anoxemia. 

Heparinization in these experiments 
rules out the remote possibility that 
clot formation has resulted in the elab- 
oration of a vasconstricting chemical 
such as serotonin, which Comroe® has 
indicated may act as an important 
factor in thromboembolism. 

The secondary rise in pulmonary 
arterial pressure, coincident with polyp- 
nea and bigeminus, was seen in almost 
all of the animals which survived, re- 
gardless of their anatomical position, 
but it was seen most often in the group 
in the left lateral position, since it 
was in this position that survival rates 
were greatest. It occurred equally in 
those which were in the left lateral 
position throughout the experiment 
and in those which were turned into 
this position after receiving the air. 
The secondary rise, therefore, does not 
depend on change of anatomic posi- 
tion, but rather on sufficient length of 
survival for the factors mentioned 
above to come into play. 

The extrasystoles which occurred 
early in association with the primary 
rise in pulmonary arterial pressure, and 
which recurred in bigeminal arrange- 
ment during the secondary rise, could 
not be attributed to the existence of 
foci of myocardial irritability due to 
general anoxia, since no such anoxia 
could be demonstrated at these times 
and there was no sudden change in 
carbon dioxide concentration®. It is 
very possible, however, that they were 
related to localized right ventricular 
ischemia, as described in a previous 
publication’, an ischemia which is the 
result of a marked drop in coronarv 
flow gradient and a greatly increased 
right ventricular work load. The type 
of extrasystolic complex found in our 
tracings confirms our previous report”® 
that these are of right ventricular 
origin. The S-T segment changes were 
likewise the same as previously de- 
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scribed® and are related to current of 
injury flowing in the area of right 
ventricular ischemia. 

The systemic hypotension, brady- 
cardia and biphasic respiratory re- 
sponses seen in our animals simulate 
the veratridine reflexes!:?18 and the 
pressoreceptor reflexes recently studied 
by Aviado et al‘. Veratridine intro- 
duced directly into the pulmonary cir- 
culation produces, first, a period of 
apnea, followed thereafter by rapid, 
shallow breathing. With venous air 
embolism the results are the same ex- 
cept for the usual occurrence of a very 
brief polypnea or hyperpnea prior to 
the apneic period. The polypnea or 
hyperpnea may be dependent on a 
carotid sinus mechanism related to the 
abrupt fall in systemic arterial pressure 
which occurs coincidentally. 

The possible relationship to presso- 
receptor reflexes is indicated by the 


fact that systemic hypotension, brady- - 


cardia and accelerated breathing have 
been produced experimentally! by ele- 
vations of pressure confined to the right 
atrium and pulmonary conus, areas 
wherein pressure elevations character- 
istically occur in venous air embolism, 
as has been already indicated. When 
pulmonary pressure is raised by means 
of perfusion restricted to the pulmo- 
nary artery and vein, polypnea and hy- 
potension occur, but without brady- 
cardia', and these effects are elimi- 
nated by bilateral vagotomy. In our ex- 
periments, when air was injected by 
means of a catheter directly into the 
pulmonary artery, an identical hypo- 
tension and persistent polypnea, with- 
out bradycardia, were obtained, and 
these effects were likewise eliminated 
by bilateral vagus section. It is not ne- 
cessary, then, for air emboli to come 
into contact with the heart chambers 
to produce hypotension and polypnea. 
Conversely, the fact that air which does 
enter these chambers is associated with 
such effects does not necessarily indi- 


cate that reflexes from the heart cham- 
bers are instrumental, since such air 
rapidly enters the pulmonary vessels 
where receptors might be stimulated. 

Both veratridine and pressoreceptor 
reflexes are more potent when the stim- 
ulus is from the pulmonary veins'. In 
some of our animals there was a definite 
rise in pulmonary venous pressure dur- 
ing air embolism, but this did not 
occur in all instances in which this 
measurement was made. In those in 
which it did rise, the venous receptor 
stimulus may have been responsible, 
in part at least, for the reflex circula- 
tory and respiratory effects. 

The mechanism responsible for the 
rise in pulmonary venous pressure in 
some of our experiments is unknown. 
It is possible that it was the result of 
left ventricular failure due to the di- 
minished coronary flow gradient with 
consequent left ventricular ischemia. 
On the other hand, it may have been 


“that, despite the blockade of many pul- 


monary vascular channels by air, there 
was an opening of many new channels 
or arterio-venous anastomoses through 
which the elevated pulmonary arterial 
pressure could be transmitted to the 
veins. The easy distensibility of pulmo- 
nary vessels is a well established fact. 
It is of interest that when starch emboli 
are injected into animals in amounts 
insufficient to be responsible for death, 
the systemic arterial pressure remains 
at or above normal for an hour, and 
during this time there is no great per- 
manent diminution in the amount of 
blood passing through the lungs’. With 
larger doses of starch granules this does 
not occur, presumably because the ob- 


struction is so complete that no by-pass. 


channels are available. In those of our 
air embolism experiments in which the 
pulmonary venous pressure was un- 
changed or lowered, it is possible that 
such complete obstruction did occur, 
but this did not preclude recovery by 
any means. 


; il 
W 
ty 
dal 
ul 
al 
tl 
di 
p 
ne 
- |e 
tl 
rl 
tl 
n 
re 
b 
a 
a 
h 
d 
n 
e 
t 
t 
S 
| 
\ 
t 


BODY POSITION 

it should be emphasized that the 
duration of the characteristic prelim- 
inary polypnea and following apnea 
were short. The usual duration of these 
two phases was less than one minute, 
and always it was less than 2 min- 
utes. Since apnea was present in almost 
all of the experiments, the results in 
this one respect are more like those 
due to veratridine than those due to 
pressoreceptor stimulation. The polyp- 
nea which followed the apnea was of 
long duration. It lasted up to at least 
15 minutes in the surviving cases. This 
was much longer than the duration of 
the secondary rise in pulmonary arte- 
rial pressure with which the onset of 
the polypnea was associated. This rise 
might be considered to have been 
responsible for the polypnea in the 
beginning. In pea seed and _ starch 
granule embolism it is known that the 
onset of tachypnea and dyspnea also 
coincide with the rise in pulmonary 
arterial The short second- 
ary rise in pressure in air embolism, 
however, could not account for the 
continuing polypnea of much longer 
duration. It is possible that the pul- 
monary receptors may be stimulated 
by the mere presence of air emboli 
even after the pressure has returned 
to control values. 

Preliminary vagotomy in our experi- 
ments entirely eliminated the respira- 
tory and circulatory effects from the 
introduction of small doses of air (up 
to 1 ec./kg.) into the pulmonary ves- 
sels. It did not, however, prevent the 
abrupt fall in blood pressure or the 
brief hyperpnea and ensuing apnea 
which were seen when 7.5 cc./kg. of 
air were introduced into a peripheral 
vein. In the latter group, however, 
when, and if, the animal commenced 
to breathe again following the apneic 
period, the vagotomy did seem to be 
responsible for hyperpneic, rather than 
polypneic respiration. This effect of va- 
gotomy is true in most forms of tachyp- 


IN RELATION 


TO VENOUS AIR EMBOLISM 371 
nea, either peripheral or central*!:??-*°, 
We must conclude, then, that while 
the respiratory and circulatory effect 
of small doses of air can be eliminated 
entirely by circumventing vagally- 
transmitted reflex phenomena, this does 
not hold true with larger doses. In the 
latter we must conclude that, neglect- 
ing a possible reflex by way of sym- 
pathetic chains, the major factor in 
the respiratory and circulatory difficul- 
ties is a mechanical blockade in the 
pulmonary circulation. This produces 
an acute depression of cardiac output 
into the systemic circulation and ac- 
counts for the sudden fall in systemic 
pressure. Since the carotid sinus nerves 
are intact, a fall of pressure within 
the sinus could account for the initial 
hyperpnea. Observations on experi- 
mental embolism with Penrose tubing, 
pea seeds and starch support the con- 
cept that reduced output is of great 
importance and emphasize decreased 
coronary flow as a contributing fac- 
tor?®. The resemblance of pulmonary 
embolism to myocardial infarction has 
been stressed by Horn et al.1", and 
by others. Insofar as venous air em- 
bolism has a bearing on the general 
subject of pulmonary embolism, our 
experiments would tend to indicate 
that either reflex or mechanical factors, 
or both, may be important when the 
pulmonary circulation is acutely ob- 
structed, and that the two schools of 
thought", reflex and mechanical which 
have debated this subject, may be 
reconciled on this basis. 

Necropsy examinations following our 
experiments showed that 7.5 cc./kg. of 
air by femoral vein is largely eliminated 
from the heart in 15 minutes and com- 
pletely so within 30 minutes in surviv- 
ing animals. There was no evidence 
that oxygen lack or changes in carbon 
dioxide concentration played a role in 
the circulatory or respiratory effects. 
This is in accord with the experience 
of others in experiments dealing with 
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embolism of other types?!:7%:3°, Anes- 
thesia as used in this study has been 
shown to have little effect on dynamics 
following embolism??. 

We were able to confirm the con- 
clusion of Richardson et al.** that death 
in venous air embolism is character- 
ized by primary respiratory failure. 
The heart continues to beat long after 
respiration has ceased. The practical 
implication of this for human air em- 
bolism accidents is obvious. 

In closing it should be pointed out 
that our air injections were quite large 
and were given rapidly. The condi- 
tions of the experiment were not dis- 
similar, however, from the circum- 
stances under which accidental air 
embolism has occurred in association 
with various therapeutic and diagnostic 
procedures in medical practice. They 
are entirely different, on the other 
hand, from the therapeutic use of oxy- 
gen by very slow intravenous injection 
which has been advocated by some 
investigators for the treatment of pul- 
monary insufficiency’®:**. The rate of 
injection of gases into the venous sys- 
tem is very 

Summary. In a series of venous air 
embolism animal experiments, it was 
demonstrated that there is a significant 
difference in survival rates between the 
left side down position and the supine 
or right side down positions. In the 
former position, at doses of 7.5 cc./kg., 
the chances of survival were doubled. 
This was true whether the animal was 
in this position at the time of embolism 
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or was turned into it within one minute 
after injection. 

Studies relative to the pathophysiol- 
ogy of venous air embolism showed 
that there occurs immediately follow- 
ing the air injection an abrupt rise in 
pulmonary arterial pressure and an 
equally abrupt fall in systemic arterial 
pressure, associated with an apparent 
bradycardia due largely to abortive 
beats which failed to open the aortic 
valve. In addition to the rise in pul- 
monary arterial pressure due to peri- 
pheral obstruction of this portion of the 
circulation, there was evidence of an 
air trap in the right ventricular out- 
flow tract which constituted a further 
obstructive mechanism, displacable by 
appropriate positioning. In surviving 
animals there occurred a_ secondary 
rise in pulmonary arterial pressure, ac- 
companied by polypnea, bigeminal 
rhythm and apparent bradycardia. The 
pulmonary venous pressure was found 
to be elevated in many, but not all, 
instances. The characteristic respira- 
tory pattern was found to be an initial 
short period of polypnea or hyperpnea, 
followed by brief apnea and then a 
long period of polypnea. The possible 
mechanisms involved in these circu- 
latory and respiratory disturbances are 
discussed, and reasons are presented 
for believing that they depend both on 
reflex (veratridine-like and _pressore- 
ceptor reflexes from the heart and pul- 
monary vessels) and on mechanical 
factors. 


Acknowledgments: The authors wish to thank Mr. George Stewart for his help with instru- 
mentation. We are indebted to Dr. W. Edward Chamberlain and Mr. Schubert Randles for 
the use of, and technical assistance with, the biplane angiocardiograph. 


REFERENCES 


1. Aviado, D. M., Jr., Li, T. H., Kalow, W., Schmidt, C. F., Turnbull, G. L., Peskin, G. W. 
Hess, M. E., and Weiss, A. J.: Am. J. Physiol., 165, 261, 1951. 

2. Bezold, A. von, and Hirt, L.: Unters. Physiol. Lab., 165, 261, 1951. 

3. Brown, E. B., Jr., and Miller, F.: Am. J. Physiol., 169, 56, 1952. 


bo bo 


Lo 
4 


oo tv lo 
aw tw 


G2 


LO 

1] 

12 

14 
15 

16 

17 

2] 

| 


BODY POSITION IN RELATION TO VENOUS AIR EMBOLISM 373 


Chamberlain, W. E., and Stauffer, H. M.: A Byplane Stereoscopic Angiocardiographic 
Device Read before Symposium Neuroradiologicum, Serafimerlasarettet Stockholm 
K, Sweden, Sept. 17-20, 1952. 

Chamberlain, W. E., and Stauffer, H. M.: A New Device for Stereoscopic Cerebral and 
Cardiac Angiography. Read before the Section on General Medicine, College of 
Physicians of Philadelphia, Oct. 22, 1951. 

Comroe, J. H., Jr.: Paper No. 96, The American Physiologic Society Program, Autumn 
Meeting, New Orleans, La., Sept. 4-6, 1952. 

Dunn, J. S.: Quart. J. Med., 13, 129, 1920. 

Durant, T. M., Long, J., and Oppenheimer, M. J.: Am. Heart J., 33, 1, 1947. 


. Durant, T. M., Long, J., and Oppenheimer, M. J.: Fed. Proc., 4, 18, 1945. 


Durant, T. M., Long, J., Oppenheimer, M. J., and Wester, M. R.: Proc. Soc. Exper. Biol. 
& Med., 66, 479, 1947. 

Griffin, G. D. J., and Essex, H. E.: Surgery, 26, 707, 1949. 

Hamilton, W. F.: Blood, Heart and Circulation, p. 324. The Science Press Printing Co., 
Lancaster, Pa., 1940. (American Association for Advancement of Science) 

Hamilton, W. F., Woodbury, R. A., and Vogt, E.: Am. J. Physiol., 125, 130, 1939. 

Hamby, W. B., and Terry, R. N.: Surgery, 31, 212, 1952. 

Harkins, H. N., and Harmon, P. H.: Proc. Soc. Exp. Biol. & Med., 32, 178, 134. 

Haynes, F. W., Kinney, T. D., Hellems, H. K., and Dexter, L.: Fed. Proc., 6, 20, 1947 


7. Horn, H., Dack, S., and Friedberg, C. K.: Arch. Int. Med., 64, 296, 1939. 


Krayer, O., and Acheson, G. H.: Physiol. Rev., 26, 383, 1946. 

Markow, H., Jacobi, M., Rascoff, H., Kogut, B., and Auerbach, R. W.: Ann. Int. Med. 
29, 607, 1948. 

Martland, H. S.: J. Am. Med. Assn., 129, 905, 1945. 

Megibow, R. S., Katz, L. N., and Feinstein, M.: Arch. Int. Med., 71, 536, 1943. 

Megibow, R. S., Katz, L. H., and Steinitz, F. S.: Surgery, 11, 19, 1942. 


. Mendlowits, M.: J. Thor. Surg., 8, 204, 1938-39. 


Musgrove, J. E., and MacQuigg, R. E.: J. Am. Med. Assn., 150, 28, 1952. 


. Newell, R. R.: In Medical Physics by Otto Glasser, Volume 2, p. 923. The Year Book 


Publishers, Inc. Chicago, Illinois. 


. Oppenheimer, M. J., Long, J., Durant, T. M., and Wester, M. R.: Am. J. Physiol., 159, 


476, 1949. 


7. Peckham, R. H.: Am. J. Med. Sci., 224, 131, 1952. 


Richardson, H. F., Coles B. C., and Mall, G. E.: Canadian Med. Assn. J., 36, 584, 1937. 


. Smith, J. R., and Hara, M.: Fed. Proc., 7, 117, 1948. 


Whitteridge, D.: Phys. Rev., 30, 475, 1950. 

Wiggers, C. J.: Physiology in Health and Disease, 5th Ed., Lea & Febiger, Philadelphia, 
1949, pp. 757-758. 

Wolffe, J. B., and Robertson, H. F.: Ann. Int. Med., 9, 162, 1935-36. 

Ziegler, E. E.: J. Lab. & Clin. Med., 27, 223, 1941. 


10 
1] 
LY 
13 
14 
15 
16 
| 
L9 
20 
2] 
24, 
28. 
CN 


JET INJECTION OF RADIOISOTOPES 


A clinical study comparing needle and jet injection of I12:, Ki2 and Nass 


By Franz K. Bauer, M.D.* 
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(From the Radioisotope Unit, Wadsworth General Hospital, Veterans Administration Center, 
Los Angeles, and the Departments of Medicine, Radiology and Biophysics, University of 
California at Los Angeles Medical Center, Los Angeles, California) 


Severaf. studies of the rate of disap- 
pearance from the site of injection of 
small quantities of gamma-emitting ra- 
dioisotopes, such as radioiodine and 
radiosodium, have been made in ani- 
mals and 
When a hypodermic needle is used for 
the injection, it is generally assumed 
that much of the injected fluid forms 
a local pool. Thus, the surface area and 
the geometrical configuration of this 
pool will probably influence the rate of 
absorption of the tracer isotope. Re- 
cently a jet injector*** was made avail- 
able to us, on an experimental basis, 
with injectors and loading facilities for 
the ampules (“metapules”) used in the 
injector. This device can introduce 
about 1 cc. of solution interstitially in 
the form of a fine, high speed jet of 
liquid that penetrates the skin through 
a very small hole. Preliminary tests in 
animals have indicated that most of 
the fluid diffuses into the tissues at a 
depth of an inch or so below the sur- 
face and does not form an appreciable 
pool’. If this is so, the rate of disap- 
pearance from the site of injection 
should be more uniform and meaning- 


1 12,13 


ful with the jet injector than with the 
needle. The initial phase of this inves- 
tigation was directed toward making 
a direct comparison of rate of disap- 
pearance between these two modes of 
injection, using 1 cc. of solution in each 
case. The preliminary experiments 
showed that the disappearance rates, 
using the jet injector, were much more 
uniform than similar injections given 
by needle. Therefore, the investigation 
was expanded to correlate variation in 
disappearance rate with various clinica] 
conditions, using the jet injector. 
Some preliminary results with jet injec- 
tion of Kyo and Nas, in amounts 
of about % microcurie were obtained. 
These dosages gave rates 
readily mieasurable with accuracy, us- 
ing a wide angle calcium tungstate 
scintillation counter’. 


counting 


Procedure. About % microcurie of carrier- 
free I,,, in physiological saline was admin- 
istered to a group of healthy controls by 
means of the jet injector at a point on the 


thigh about 5 inches above the knee. The, 


subject was seated so that the surface of the 
thigh was horizontal. The wide angle scin- 
tillation counter was lowered so that its win- 
dow was within a few millimeters of the skin. 


* Assistant Clinical Professor of Medicine and Radiology, University of California at Los 


Angeles. 


** Clinical Professor of Biophysics, University of California at Los Angeles. 
*°° “Hypospray’: R. P. Scherer Corporation, Detroit, Mich. 
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initial counts of 75 to 100 per second were 
idily obtainable. The net count was re- 
ded and plotted on semilogarithmic paper 
rainst time in minutes. The disappearance 
te of the isotope was measured as a “half- 
ime,” that is, the number of minutes required 
or the initial count to decrease to one-half9, 
Material. Ten male and 17 female healthy 
olunteer control subjects were administered 
about % microcurie I,3, in 1 cc. of normal 
stline by jet injector into the left thigh. Some 
these subjects also received an intramus- 
cular needle injection of a similar amount of 
[,.,, in the identical quantity of normal saline, 
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uring the time elapsed from the num- 
ber of counts in the thigh immediately 
after injection to half the number of 
counts remaining. The range is 7 to 17 
minutes in our male controls and 7 to 
22 minutes in our female controls. 
There is more spread in the female 
series. In the patients with hyperthy- 
roidism, uncomplicated by congestive 
heart failure, the “half-times” are in 
the same range as the normal controls. 


TABLE 1.—*HALF-TIMES” OF ABSORPTION OF INJECTED BY “HYPOSPRAY” 
Number Range (minutes) 
Males Females Males Females 
Healthy controls 10 17 ye 7-22 
Hyperthyroidism 11 3 8-18 9-12 
Hypothyroidism 6 - 18-60 + = 
Cardiacs, compensated 10 - 10-32 
Cardiacs, decompensated 9 17-38 + 


into the other thigh. A thyroid function test, 
using I,.,;, was normal in all of the healthy 
olunteers. 

The patient material consisted of 11 male 
nd 3 female patients with hyperthyroidism, 
6 male patients with myxedema, 9 male pa- 
tients with congestive heart failure from vari- 
ous types of heart disease and 10 male pa- 
tients with previous congestive failure who at 
fully compensated. 

In addition to I,3,, Kyo and Nag, were ad- 
in the same manner to some of 
the control subjects and patients in quantities 


 microcurie in 1 cc. normal 


present are 


ministered 


f 


of approximately 
saline 


Results. I,3;. In all the jet injection 
tests the semilogarithmic plot could be 
approximated closely by a straight line. 
This means that the jet-injected iso- 
tope disappears exponentially from the 
site of injection until the counting rate 
is not readily distinguishable from the 
background. The results obtained with 
needle injection were variable. Some- 
times they did not show an exponential 
disappearance and very frequently the 
“half-tirne” of disappearance was con- 
siderably longer than that of the cor- 
responding jet injection test. 

Table 1 shows the “half-times” meas- 


Nine patients with clinically demon- 
strable edema, who were in congestive 
heart failure, had markedly prolonged 
“half-times” (17 to 38 minutes). The 10 
patients with previous congestive fail- 
ure, but who now were fully compen- 
sated clinically, also had prolonged 
“half-times.” The patients with myx- 
edema had markedly prolonged “half- 
times,” from 25 to 60 minutes, plus. 
(The experiment was terminated after 
60 minutes.) Three of these patients 
were Studied repeatedly. As _ the 
myxedema was reversed by adequate 
thyroid meflication, their “half-times” 
returned to within the norma] range 
(Table 2). Fig. 1 demonstrates these 
relationships. 


TABLE 2.—MYXEDEMA. “HALF-TIMES” 
OF ABSORPTION OF I,;; USING “HYPO- 


SPRAY” 
(Minutes) 
Patient Before R After R 
G. P. 60 + 14 
R.B. 33 12 


J. B. 24 17 


| 
| 
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Nass and Ky». The control subjects 
and patients who received I,3;, Ky. and 
Nag, by jet injection demonstrated very 
good correlation in their “half-times” 
(Table 3). The disappearance was ex- 
ponential with all isotopes used. 

Discussion. These preliminary data 
indicate that the disappearance rate, 
measured as the “half-time,” is much 
more uniform following administration 
of isotopes by jet injection than it is 
following administration by hypoder- 
mic needle. The complexity of the 
problem can be appreciated when it is 
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fore, a straight line when plotted on 
semilogarithmic paper. Wisham and 
Yalow’ confirmed these observations 
but stated further that only after sub- 
cutaneous injection could they obtain a 
straight line and that after intramus- 
cular injection that was not the case. 
Franke and his group®, in experiments 
on dogs, advised the subcutaneous 
route because of the same considera- 
tions, namely the exponential disap- 
pearance of Naz, which they failed to 
demonstrate after intramuscular injec- 
tion. 


CONTROLS 
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considered that McGirr®, using 
found differences in “half-time” up to 
9 minutes between the left and the 
right limbs of the same individual at 
the same session. Hyman and his 
group’, in a study involving radioactive 
sodium, stated that “there is considera- 
ble variation between individual sub- 
jects with regard to the removal rate.” 

Another major problem in the tech- 
nical aspects of tissue clearance is the 
question of subcutaneous and intramus- 
cular injection. Kety® found that the 
Nass tissue clearance from tissue in 
man is proportional to the amount of 
Nag, at the site of injection and, there- 


There is diffusion of the isotope into 
the tissues. This has been demonstrated 
in experimental studies in animals?. 
Measurements of the disappearance 
rate are therefore more valid than those 
obtained following subcutaneous and 
intramuscular injection by hypodermic 
needle. 


The “half-times” of all our control . 


subjects, using I,31, correspond to those 
obtained by McGirr with Nas, (6 to 
25 minutes for gastrocnemius muscle, 
10 to 44 minutes from skin) although 
there is less spread in our series. 

The “half-times” in the female con- 
trols are somewhat longer and more 
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spread out than in the males. The jet injection to the same individuals 
reason for this is not clear. The men- and a striking correlation of the “half- 
strual histories are being investigated times” was observed. This suggests that 
to determine whether any correlation isotopes of low atomic weight in the 
exists. ionic form may be used interchange- 

Patients with cardiac failure and ede- ably for tissue clearance determina- 
ma had prolonged “half times” with tions. Boatman et al.* suggested this in 


|,,,. Of great interest is the observa- their work on cerebral and muscle 
tion that 10 patients with fully com- clearance, using I13:, Navy and Pp. 
pensated heart disease, but with pre- Summary. 1. I;3; in amounts of % 


vious congestive failure, also showed microcurie was injected by hypodermic 
long “half times.” Discussion of these needle and by jet injection (“Hypo- 
findings is beyond the scope of this spray”) into the thighs of healthy con- 
preliminary communication and will be _ trol subjects and patients with a variety 
offered in a subsequent publication of clinical conditions. 


with additional studies. 2. The disappearance rate of the in- 
In a few preliminary experiments, jected isotope as measured with the 
Ii3:, Kao and Nass were administered by wide angle scintillation counter was 


TABLE 3.—COMPARISON OF “HALF-TIMES” OF ABSORPTION OF Ths, Ky AND Nags, 
INJECTED BY NEEDLE AND HYPOSPRAY 


“Half-time” in Minutes 


Hypospray 
Needle 

Vame Diagnosis Fer Tis Ky Nao, 
FB Control 22 12 14 15 
5. ( Control 39 1] 14 13 
B.S Control 14 12 12 11 
Control & 35 7 14 18 
KE. Control 17 15 16 
A.S Hyperthyroidism & 9 9 
N.M Hyperthyroidism 9 11 “ 
S. H Hyperthyroidism 9 8 
S.N Hyperthyroidism, treated, euthyroid. 32 17 
L. N Hyperthyroidism, thyrocardiac, treated, euthyroid, 

compensated 16 10 
W.k Hyperthyroidism, treated, clinic ally slightly hypothy roid 23 15 
J.K Hyperthyroidism, treated, clinic ‘ally euthyroid 12 14 
N.O Pituitary hypothyroidism 4 28 
C.W Hypothyroidism . 31 35 
ILS Coronary artery disease, compensated 17 13 
CA Rheumatic heart disease, compensated 27 18 15 
M. H. Cor pulmonale, compensated, previous conge stive heart 

failure 24 
JH Arteriosclerotic heart disease, , compe ‘nsated 12 14 15 
A.D Hypertensive cardiovascular disease, compensated — . 18 17 
N. W. Hypertensive cardiovascular disease, compensated — . 16 19 
M.D Hypertensive cardiovascular disease, compensated _ . - 7 - 22 
WD, Hypertensive cardiovascular disease, decompensated —. 30 21 
J.M Carcinoma of thyroid (euthyroid) . 21 10 - - 
J.R Carcinoma of thyroid (euthyroid) 14 17 


J.B Epilepsy. 22 13 
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much more uniform after jet injection same control subjects and patients, and 


than after needle injection. it was found that the disappearance 
3. Kyo and Nao, in identical amounts times were similar to those obtained 


were injected by jet into some of the with Is. 


owe 
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NuMEROus drugs are available which 
are capable of reducing blood pres- 
sure in patients with hypertension. 
However, practical therapeutics with 
many of these compounds is limited 
because of the development of toler- 
ance, the presence of untoward side 
effects, or because these agents are de- 
stroyed in the gastrointestinal tract and 
must, therefore, be given parenterally. 
Preliminary observations* indicated 
that hexamethonium chloride*t when 
administered orally, was an effective 
agent for reducing the blood pressure 
in patients with hypertension. It is the 
purpose of this report to present ob- 
servations on this compound over an 
extended period of time and to com- 
pare these results with those of other 
hypotensive agents used in the same 
clinic. Patients treated with hexame- 
thonium, but in whom adequate regu- 


lation of the blood pressure was not 
obtained were treated with a combina- 
tion of 1-hydrazinophthalazine* and 
hexamethonium. These observations are 
also presented. The studies were con- 
ducted on an outclinic basis. There- 
fore, the problems encountered should 
closely parallel those which are met in 
general office practice. 


Methods and Materials. A group of 58 
unselected ambulatory patients with mod- 
erate to severe hypertension were started on 
oral hexamethonium chloride. This included 
40 patients who attended the medical and 
cardiac clinics and 18 private patients}. 
There were 11 additional patients who were 
lost from the study due to movement from 
the area or because of unreliability and 
failure to return to the clinic. All of the 
patients had blood pressures, as measured 
in both the supine and upright positions, of 
160/100 or greater. There were 28 men and 
80 women whose ages ranged from 29 to 
71 years. The majority of the patients were 


* Supplied by Ciba Pharmaceuticals, Inc. as Apresoline (Ba 5968). 


** Supported in part by a research grant through the courtesy of Dr. Donald Searle of 
Burroughs-Wellcome, Inc., and the Houston Heart Association. 


+ Supplied as Methium by Chilcott Laboratories, Inc., Hexamethon by Burroughs Well- 
come, Inc., and Esomid by Ciba Pharmaceuticals, Inc. 


{ We extend appreciation to Dr. Charles Armbrust and Dr. Herman Glantzburg for making 


some of their patients available to us. 
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followed at weekly intervals for 6 weeks to 
3 months before being placed on the drug. 
During the control period, and every one to 
2 months thereafter, they were subjected to 
the following laboratory tests for evaluating 
patients with hypertension: electrocardiogram, 
chest roentgenogram, eye ground examina- 
tion, routine urinalysis, urine concentration, 
phenolsulfonphthalein excretion, urea clear- 
ance, and blood urea nitrogen determination. 
Following the control periods, during which 
time the patients received only supportive 
therapy and placebo medication, they were 
placed on oral hexamethonium chloride and 
were followed at weekly or semi-weekly 
intervals still as outpatients. A small number 
of the more ill patients were hospitalized 
during the control period as well as during 
the induction of drug therapy. The length 
of the control period in these patients varied 
with the urgency for beginning hypotensive 
therapy. The control as well as the follow- 
up blood pressure determinations were taken 
both in the supine and upright positions at 
the time of the weekly visits of the patients 
to the clinic. This is necessary because of the 
orthostatic hypotensive response to most of 
the ganglionic and adrenergic blocking drugs. 
The blood pressure was determined by the 
physician (investigator) on each clinic visit, as 
well as bv the nurse at the time the patient 
registered in the clinic and several hours 
later just prior to the patient’s return home. 
These additional observations offered some 
opportunity for evaluating variations in blood 
pressure between doses of the drug. The 
control supine and upright blood pres- 
sure for each patient as recorded in Table 2 
was determined by taking the average of all 
blood pressure determinations during the 
control period in each position. The post- 
drug blood pressure is the average of the 
values obtained in both the supine and up- 
right position after the therapeutic dose for 
each patient was established; that is, after 
the titration period (during which time the 
blood pressure and drug dosage were being 
stabilized). The number of post-drug observa- 
tions of necessity depends on the length of 
the follow-up period. The initial dose of 
hexamethonium was 250 mg. given orally 
4 times per day, before each meal and at 
bedtime. This was gradually increased in a 
stepwise fashion until an adequate response 
was obtained or until side. reactions forced 
discontinuance of the drug. The morning 
and evening doses of the drug were increased 


first. The midday and night doses were 
next increased. It was felt that this routine 
maintained as constant a blood concentra- 
tion of hexamethonium as possible if the 
dosage schedule was to remain practical for 
long term therapeutic purposes. Mealtime was 
a good reminder to the patients to take their 
medicine. In addition, the taking of the 
medication along with food was found to 
decrease the rapidity of absorption and thus 
maintained a more constant hypotensive 
response. Whether or not the drug was taken 
along with food, it was found highly essential 
that the drug be taken with the same rela- 
tionship to meals from day to day if the blood 
pressure was to be well regulated. For ex- 
ample, syncope due to excessive hypotension 
was frequently observed if the drug was 
tuken on an empty stomach after the patient 
had previously been taking it along with his 
meals. During the titration period, one week 
was usually allowed before changes in the 
dosage schedule were made, unless the pa- 
tient was in the hospital. In addition to the 
observations on blood pressure, clinical mani- 
festations of excessive hypotension such as 
dizziness on standing and weakness were 
taken into consideration when regulating the 
dosage schedule. There is no doubt that 
a more constant blood level of such drugs 
as hexamethonium can be maintained if 
they are administered every 3 to 4 hours 
around the clock as advocated by Schroe- 
der!2, However, most of our patients objected 
to this routine and could not be fully de- 
pended upon to take their medication on a 
41-hour schedule, particularly at night. Be- 
cause of the psychogenic aspects of hyper- 
tension, and because too much of the pa- 
tient’s attention has already been focused 
on his or her disease, such considerations 
become of utmost importance. We feel that 
if the therapeutic program is too cumber- 
some, it defeats its own purpose. However, 
several of the more seriously ill hypertensive 
patients who displayed excessive variation 
in blood pressure between doses of hex- 
amethonium were given the drug in smaller 
amounts more frequently. The period of 


follow-up on the patients herewith presented. 


varied between 4 and 16 months. 

Patients in whom adequate blood pressure 
regulation was not possible with hexame- 
thonium alone were placed on combined 
hexamethonium and Apresoline (1-hydra- 
zinophthalazine) therapy. The hexamethon- 
ium was progressively increased until side 


reacti 
trol o 
the d 
was 
simila 
nal de 
was 


week] 


Re 
55 p 
up c 
vider 
diast 
sists 
hype 
diast 
peri 
Gro 
whol 
was 
mm. 
tient 
sion 
sure 
120 
perte 
com) 
easil 
tions 
one- 
rena 
had 
of 
indic 
emp 
vere 
and 
dise: 
The 
ately 
ce. ) 
bloo 
8 ps 
nece 
prec 
the 
sine 
acul 


ORAL 


reactions were manifested. If adequate con- 
trol of the blood pressure was not obtained, 
the dose was reduced slightly and Apresoline 


was started. This drug was titrated in a 
similar fashion to hexamethonium. The origi- 
nal dose was 25 mg. 4 times a day. The dose 
was increased in 25 mg. increments at 
weekly or semi-weekly intervals. 


Results. For purposes of analysis, the 
58 patients on whom adequate follow- 
up could be maintained have been di- 
vided into 3 groups according to the 
diastolic blood pressure. Group 1 con- 
sists of 16 patients with the most severe 
hypertension in whom the average 
diastolic pressure during the control 
period was more than 140 mm. Hg. 
Group 2 consists of 27 patients in 
whom the control diastolic pressure 
was more than 120 but less than 140 
mm. Hg, and Group 3 includes 15 pa- 
tients with the least severe hyperten- 
sion in whom the diastolic blood pres- 
was more than 100 but less than 
120 mm. Hg. The severity of the hy- 
pertension and the great number of 
complications in these patients can 
easily be deduced from the observa- 
tions summarized in Table 1. About 
one-fourth of the patients had severe 
renal damage, and another one-fourth 
had minimal to moderate impairment 
of renal function prior to therapy as 
indicated in the renal function studies 
employed. All of the patients with se- 
vere renal damage fell into Groups 1 
and 2, evidence of the severity of the 
disease in these 2 groups of patients. 
The blood urea nitrogen was moder- 
ately elevated (above 30 mg. per 100 
cc.) in 3 patients in Group 1 and in 3 
patients in Group 2. Numerous red 
blood cells were found in the urine of 
5 patients. These observations did not 
necessarily indicate that renal disease 
preceded the hypertension. More likely 
the reverse was true in most instances 
since patients with frank evidence of 
acute or chronic nephritis were not in- 


sure 
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cluded in the study. Five of the pa- 
tients in Group 1 and 6 in Group 2 
were classified as malignant hyper- 
tension. 

About one-fourth of the patients 
had evidence of congestive heart fail- 
ure (Table 3). This had already been 
treated prior to receiving hexamethon- 
ium in most instances. In a few of the 
patients with less severe failure, cardiac 
therapy was not inaugurated in order 
to evaluate the effect of blood pressure 
reduction alone on the clinical course 
of heart failure. Fourteen patients com- 
plained of precordial pain prior to 
therapy. This was typically anginal in 
type in 7 patients. Three patients had 
previously had myocardial infarctions. 
The electrocardiogram during the con- 
trol period was interpreted as being ab- 
normal in 46 patients included in the 
present study. In 22 there was only 
evidence of left ventricular hyper- 
trophy, whereas in the remaining 24. 
there was evidence of frank myocardial 
damage. Cerebrovascular disease was 
present in 10 patients as evidenced by 
previous cerebral arterial occlusions or 
hemorrhages or by the presence of 
encephalopathic manifestations. 

The blood pressure responses of the 
3 groups of patients are presented in 
Table 2 (A-C). The period of follow- 
up after receiving hexamethonium 
varies from 4 to 16 months. The ob- 
servations on blood pressure presented 
in Table 2 (A-C) are the average val- 
ues for each patient before and after 
hexamethonium. A reduction in mean 
blood pressure* of 20 mm. Hg or more 
was considered to be a significant re- 
sponse to the drug. The mean values 
but not the individual observations for 
the unresponsive group of patients are 
also presented. There were about twice 
as many patients in Group 2 (diastolic 
140 mm. Hg) as there were in either 


pressure more than 120 but less than 


* Diastolic blood pressure plus one-third the pulse pressure. 
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Groups 1 or 3. The amount of drug 
required to reduce the blood pressure 
was apparently not dependent on the 
degree of blood pressure elevation since 
the average daily dose was just as large 
for the patients in Group 3 as for those 
in Group 1. However, patients with 
the clinical syndrome of malignant hy- 
pertension were more difficult to regu- 
late, particularly if the hypertension 
was associated with heart failure. This 
may be due to altered and erratic gas- 
trointestinal absorption of the drug in 
patients with heart failure. Patients 
who were considered unresponsive to 
the drug usually received as large as 
or larger daily amounts than the re- 
sponsive patients. There was no evi- 
dence to indicate that increasing 
amounts of hexamethonium (develop- 
ment of drug tolerance) were required 
to maintain a hypotensive response 
after the initial induction period since 
the patients who were treated for 9 
months to a year or more did not re- 
quire more drug than they did during 
the first 3 months. There were excep- 
tions, in that some of the patients re- 
quired more drug per day than they 
did initially, but just as many required 
less. One of the most annoying prob- 
lems encountered was variability in 
the hypotensive response from time to 
time, although the dose was not altered 

Fig. 1). This variation was decreased 
by taking the medication along with 
meals in order to obtain a slower and 
more constant rate of absorption. It 
was also noted that during periods of 
increased activity or hot weather the 
drug requirement decreased, probably 
a result of decreased excretion (Fig. 
1). 

Reduction in blood pressure was 
greater in the upright position than 
in the supine. Percentagewise, . there 
was an equivalent decrease in both the 
systolic and in the diastolic pressures. 
Tachycardia usually did not accompany 
the reduction in blood pressure, prob- 
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ably because the drug blocks off the 
sympathetic innervation to the heart. 
Of a total of 58 patients, 47 (81%) 
(Tables 1 and 6) initially showed a 
significant reduction (decrease in 
mean blood pressure of 20 mm. Hg or 
more) in blood pressure in the up- 
right position, without prohibitive side 
reactions. The blood pressure was re- 
duced to normotensive limits (less 
than 150/100) in 27 (47%) of the pa- 
tients (Table 6). The 11 unresponsive 
patients (19%) presented side reac- 
tions that were considered by the ther- 
apist to be serious enough to warrant 
altering the therapy, before adequate 
reduction in blood pressure was at- 
tained. These unresponsive patients 
were started on the combined Apreso- 
line (1-hydrazinophthalazine ) and hex- 
amethonium regimen. Patients with 
renal disease appeared to respond 
equally as well as those without evi- 
dence of renal disease. Percentage- 
wise, as many patients with diastolic 
blood pressures above 140 responded 
as those with diastolic pressures be- 
tween 100 and 120 mm. Hg, but a re- 
duction in pressure to normotensive 
ranges was obtained in a higher per- 
centage of patients in the latter group. 
Patients with highly malignant hyper- 
tension showed more variability from 
week to week than those with less se- 
vere disease and consequently were 
more difficult to regulate. The compli- 
cation of heart failure in patients with 
malignant hypertension further 
creased the difficulty of regulating the 
blood pressure. 

After prolonged periods of observa- 
tion, analysis of the results show that 
4 patients (Nos. 17, 22, 44, and 52) 
who obtained a reduction in blood 
pressure initially have discontinued 
therapy on their own accord after pe- 
riods of 4 to 11 months, despite the fact 
that the blood pressure (upright) was 
maintained within normotensive ranges 
as long as the patients continued to 
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ORAL HEXAMETHONIUM IN THE 
take the drug. When the drug was 
\bandoned in one of these patients 
No. 17), the blood pressure increased 
rapidly. This was followed by a cere- 
bral hemorrhage and death. Hexame- 
thonium was abandoned in a fifth pa- 
tient (No. 27) because of a rising 
blood urea nitrogen. 

In addition to ‘he 11 patients unre- 
to hexan.ethonium alone, 
\presoline has been added to the hex- 
amethonium regimen in 7 cther pa- 


tients (Table 2, A-C) because of vari- 


sponsive 
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patients taking hexamethonium orally, 
but it was a satisfactory method for 
controlling the blood pressure on a 
long term basis in only 60% of the pa- 
tients. At this time, there is no evidence 
to indicate that the 60% (35 patients ) 
who continue to take hexamethonium 
will not be able to have their blood 
pressure regulated with this drug on a 
permanent basis (Table 6). 

The initial side effects associated 
with hexamethonium therapy were 
numerous, but in very few instances 


rABLE 3.—SIDE REACTIONS AND SYMPTOMS RELIEVED BY HEXAMETHONIUM CHLORIDE 
Symptoms Improved 
Number Complaining Number Improved 
Initialt Months** Initially > Months 
No. with 

Sy tom Vo No. Symptom or Sun Complaint Vo No. 
\norexia 25 43 9 19 Headache§ 22 1S 82 16 73 
Blurred Vision 34 59 7 15 Albuminuria 16 9 56 13 81 
Drv Mouth 26 45 11 23 Precordial Pain 14 7 50 11 79 
Urinary Retention 3 5 
Constipation Retinopathytt 21t at 43 16t 76 

Marked 19 33 6 13 Hematuria S } 50 7 SS 

Mild 20 35 18 38 Heart Failure 16 8 50 13 81 
Impotence 12 43*** 11 39*** Nervous Tension 16 1] 69 14 SS 

7. Nausea 24 41 5 11 EKG 
8. Vomiting 6 10 2 i Left Vent. Strain 22 5 23 16 73 
Fatigue 27 17 12 26 Mvyeccardial Damage »4 l { 5 21 
0. Diarrhea 6 10 5 11 
\bdominal Cramps 1] 19 I 2 
izziness 22 38 14 30 
Syncope 7 12 3 6 
No Symptoms 13 22 19 40 
Incidence in total of 58 patients treated 
Symptoms Nos. 1-6 probably due to parasympathetic ganglionic blockade; Nos. 7 and 8 to local effeci; No. 9 probably 


striated neuromuscular blockade; and Nos. 10-13 due to sympathetic blockade. 


17 patients 
2S males 


Headaches following the onset of hypertension. 


Improved to next grade or more according to classifics tion of Keith-Wagener 


Includes 


ability in the blood pressure, because 
further reduction in pressure was 
desirable, or because the side effects 
were such that hexamethonium alone 
permanent type of therapy 
appeared impractical. These patients 
had taken the drug for 6 to 12 months, 
and all of them continued to obtain a 
reduction in mean blood pressure of 
20 mm. Hg or more (Table 1; 2, A-C) 
which was about equivalent to their 
original response. In final analysis, a 
significant blood pressure reduction 
was obtained initially in 81% of the 


as a 


only those patients with retinopathy of Grade HII and IV. 


were they serious enough to cause con- 
cern. Simple measures were usually 
adequate for managing the side re- 
actions. For example, constipation was 
experienced by most of the patients. 
Cholinergic drugs were not used for 
this problem, but cathartics in the form 
of cascara, mineral oil, bulk laxatives, 
and milk of magnesia were used freely 
whenever indicated. Serious side reac- 
tions were more likely to occur if the 
dose of hexamethonium was built up 
too rapidly. When this was done, the 
minimum dose was often passed. As a 


| 
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result, excessive reduction in blood 
pressure was produced and syncope 
on standing was not infrequent. At the 
same time, the patients complained bit- 
terly of weakness*, dry mouth, blurred 
vision and difficulty in defecation’. 
These all improved as the drug was 
excreted and the blood pressure rose to 
normotensive or mild hypertensive 
levels. Although orthostatic dizziness 
was experienced at sometime or other 
by most patients, this cannot be termed 
a true side reaction, since it merely in- 
dicates over zealous reduction in blood 
pressure. Due to variability in the 
blood pressure of most patients, an at- 
tempt was made to regulate the upright 
blood pressure at 150/100 in order to 
avoid excessive hypotensive swings and 
resulting syncopal attacks. Syncope oc- 
curred almost invariably if the supine 
blood pressure was adjusted to strict 
normotensive levels. Two patients de- 
veloped temporary intestinal atony and 
lower abdominal pain that closely re- 
sembled large bowel obstruction®. 
Both patients recovered rapidly upon 
withdrawal of the drug. Intermittent 
nausea, occasional vomiting, and diar- 
rhea with abdominal cramps* were 
seen quite frequently, but usually these 
were Only seen while initiating ther- 
apy. Urinary retention® occurred in 3 
patients but in each instance the dos- 
age schedule was increased rapidly. 
Upon discontinuing the drug in 2 pa- 
tients, this symptom was completely 
relieved. In the third, the symptom im- 
proved after 24 hours, and it was not 
necessary to alter the therapeutic pro- 
gram. A large percentage of the males 
experienced some degree of impotence, 
but no alteration in sexual drive. At- 
tempts to occasionally relieve this 
symptom by leaving off the night dose 
proved ineffective unless the blood 
pressure also escaped from control. 
Therefore, in most patients with very 
severe hypertension, it was thought in- 
advisable to overcome this complaint 
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or to bring the possibility to the pa- 
tient’s attention. Upon discontinuance 
of hexamethonium, the symptom was 
always completely relieved. Most of 
the side reactions to hexamethonium 
decreased as therapy continued (Table 
3). However, even when the patients 
had been on the drug for long periods 
of time, if they obtained a marked in- 
crease in the hypotensive response to 
the drug by increased intake, increased 
absorption or decreased excretion, the 
previous side reactions frequently re- 
turned as the blood pressure dropped. 
This was particularly true of fatigue, 
blurred vision and constipation. 

The most outstanding symptomatic 
improvements were the relief of head- 
aches and angina pectoris. This oc- 
curred in three-fourths of the patients 
with these complaints. Relief was just 
as pronounced after 3 months as it was 
initially. Eye ground examination in 
patients with retinal hemorrhages 
showed definite objective improvement 
in the majority of patients after 3 
months of therapy. This was in the 
form of reduction of hemorrhages and 
exudates and frequently improvement 
in vision. In 21 patients with 3 and 4 
plus (Keith-Wagener classification) 
changes due to hypertensive vascular 
disease, improvement to the next grade 
or better was noted in 76%. Papilledema 
disappeared rapidly in all patients with 
this complication who obtained a re- 
duction in blood pressure. Hemor- 
rhages also disappeared, but this oc- 
curred more slowly, usually over a pe- 
riod of 6 to 12 weeks. Although im- 
provement of phenolsulfonphthalein 
excretion and urea clearance was ob- 
served in only 8 patients, progressive 
impairment was not observed in any 
patients as long as the blood pressure 
could be controlled. The blood urea 
nitrogen increased in 2 patients and re- 
turned to normal ranges in 4 others 
who showed azotemia during the con- 
trol studies. One of the patients in 


* Hexamethonium was abandoned in 11 patients before a significant reduction in blood 
pressure was observed due to side reactions consisting of urinary retention in 2 patients, 
severe constipation in 3 patients, weakness in 1 patient, nausea and vomiting or diarrhea in 
4 patients, and excessive variability of blood pressure in 1 patient. 
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whom the blood urea nitrogen in- 
creased was a patient with malignant 
hypertension in Group 1 who obtained 
a reduction in blood pressure initially, 
but later broke out of control. Apreso- 
line was added to his therapy also, to 
no avail, and he died with progressive 
renal failure. The other patient show- 
ing a rising blood urea nitrogen dur- 
ing the study was in Group 2. Because 
of the increasing azotemia, hypotensive 
therapy had to be abandoned. Albumin 
and red cells in the urine which were 
observed during the contro] studies in 
some of the more severe hypertensive 
patients were relieved in 81 and 88% 
of cases respectively. This was particu- 
larly true in the case of intermittent 
hematuria which accompanied exacer- 
bations in the hypertension. After 3 
months of hypotensive therapy, the 
symptoms and signs of heart failure 
improved as the blood pressure was 
reduced in about 81% of the 16 patients 
with this complication. Improvement 
occurred in those patients receiving 
digitalis or diuretics as well as in those 
patients not receiving collateral ther- 
apy for heart failure. This was accom- 
panied by decreased heart size on 
roentgenograms in many instances. The 
blood pressure in patients with simul- 
taneous cardiac failure and marked 
renal disease was particularly difficult 
to regulate, however. In general, the 
electrocardiograms which showed a left 
ventricular strain pattern improved 
(73%). If myocardial damage was 
marked, very little improvement of the 
electrocardiographic pattern was ob- 
served. During the course of this study, 
2 patients who responded to treatment 
for a short time, broke out of control, 
rapidly progressed downhill and died. 
One of them died because of a cere- 
bral hemorrhage (No. 39) and the 
second (No. 15) because of progres- 
sive renal disease. Both of them had 
malignant hypertension with advanced 
renal disease and heart failure. Com- 
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bined hexamethonium and Apresoline 
was no more effective in regulating the 
blood pressure in either one of these 
patients than was hexamethonium 
alone. The third death that was ob- 
served in the present study was due to 
a cerebral hemorrhage which followed 
a sudden rise in blood pressure which 
occurred when the patient abandoned 
therapy on her own volition (No. 17). 

The 7 patients who were given com- 
bined therapy but who had responded 
to hexamethonium alone, obtained an 
additional reduction in blood pressure 
or were better stabilized when Apreso- 
line was added. However, therapy had 
to be interrupted in 2 patients because 
of palpitations and tachycardia in the 
one and persistent headaches in the 
second. Of the 11 patients who had 
previously failed to respond to hexa- 
methonium alone, 4 (Nos. 14, 16, 40, 
41) showed a good response to com- 
bined therapy. However, 7 of the 11 
proved resistant, and showed no better 
response to combined therapy than to 
hexamethonium alone. 

Discussion. PHARMACOLOGY. Thera- 
peutic agents which are capable of 
lowering the blood pressure can be di- 
vided essentially into 3 groups accord- 
ing to their primary site of action; 
namely, (1) centrally acting (brain) 
drugs, such as veratrum extracts (Veri- 
loid, Vergitryl); (2) ganglionic block- 
ing drugs which block the transmission 
of impulses through the autonomic 
ganglia (hexamethonium); and (3) 
peripheral blocking agents (Regitine, 
Dibenzyline) which block the trans- 
mission of impulses from the sympa- 
thetic nervous system to the end or- 
gan. Hexamethonium falls into the 
ganglionic blocking group of drug. It, 
like tetraethylammonium, is somewhat 
exceptional from many ganglionic para- 
lyzing agents in that it does not 
stimulate the ganglia prior to para- 
lysis. It differs from tetraethylammon- 
ium in that the paralysis lasts longer 
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and the hypotensive effect is much less 
variable and more prolonged. Hexame- 
thonium chloride is a polymethylene 
bistrimethyl ammonium salt which is 
composed of two ammonium radicals 
united by a chain of a varying num- 
ber of methyl groups. The compound 
so formed is named according to the 
number of methyl groups in the chain. 
Thus, a compound with 6 methyl 


When hexamethonium produces gang- 
lionic blockade it blocks the parasympa- 
thetic ganglia as well as the sympa- 
thetic ones. Most of the side effects 
associated with the reduction in blood 
pressure can be attributed to a mild 
carry-over of the curare-like effect 
(weakness and fatigue), parasympa- 
thetic ganglionic blockade (constipa- 
tion, urinary retention, dry mouth, 


Blood Pressure Response to Oral Hexamethonium 
(Dose Titrated) 
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Fic. 1.—This is a graphic record of the supine and upright blood pressure during the con- 

trol period, during the period of drug titration, and after reduction in the blood pressure. 

The two main problems with this therapeutic approach are obvious. These are: (1) the 

variability in blood pressure response; (2) the reduction in the blood pressure is pre- 
dominantly orthostatic. 


groups in the chain is called hex- 
amethonium (C.); and one with five 
methyl groups, pentamethonium (C;). 
When the chain is increased to 10 
methyl groups, the compound has a 
curare-like action and is being in- 
vestigated in circumstances where a 
blockade of nervous impulses over the 
striated neuromyal junction is desir- 
able. Paton and Zaimis'! found that 
C; and Cg produced ganglionic block- 
ade of the autonomic nervodus system. 


and anorexia ), or excessive hypotension 
(dizziness and syncope) which is pre- 
dominately orthostatic. The drug ap- 
parently blocks cardioaccelerator re- 
flexes associated with acute reduction 
in blood pressure. Therefore, one does 
not see reflex tachycardia after hex- 
amethonium as one sees it following 
blood pressure reduction by adrenergic 
blocking drugs and other means. 
When the blood pressure is reduced, 
the cerebral vessels dilate and cerebral 
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blood flow and cerebral metabolism 
are maintained?. However, if the pres- 
sure is reduced excessively, cerebral 
blood flow goes down and disturbances 
in cerebral function follow®. This is 
particularly likely to occur in the up- 
right position since reflexes responsible 
for adjusting peripheral vascular resist- 
ance, to compensate for changes in 
position, are also blocked by hex- 


ally returns to normal despite a main- 
tained reduction in blood pressure 
provided the reduction is not excessive. 
Patients with renal damage respond 
qualitatively similarly to patients with 
normal kidneys but the readjustment 
is slower!®. Occasional patients fail to 
completely readjust to a lowered blood 
pressure. 

If readjustment is incomplete little 
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Fic. 2.-Acute and long term renal hemodynamic response to hexamethonium. Following 

parenteral administration, there was an initial depression of renal function but this rapidly 

returned toward normal despite a maintained reduction in systemic blood pressure. When the 

patient was placed on oral hexamethonium instead of the parenteral drug, the blood pres- 
sure remained reduced and renal hemodynamics were not altered. 


amethonium. Therefore, the blood 
pressure should always be taken both 
in the supine and upright positions 
when evaluating therapy with this 
type of drug (Fig. 1). It is important 
that the dose of hexamethonium be 
regulated according to the upright 
blood pressure. 

Following acute blood pressure re- 
duction with hexamethonium, there is 
an initial depression of renal function. 
However, glomerular filtration gradu- 


concern need be exerted if the pre- 
treatment renal function was relatively 
normal because. of the wide margin of 
functional renal reserve. However, if 
renal function is markedly impaired, 
even small reductions in glomerular 
filtration may seriously decompensate 
the excretory capacity of the kidney. 
Therefore, in the presence of impaired 
renal function, the therapist must be 
alert to this possibility. When exces- 
sive reduction in blood pressure occurs, 
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norepinephrine infusion, or any good 
peripherally acting vasopressor agent, 
will quickly reverse the process and 
improve glomerular filtration towards 
normal since hexamethonium has no 
peripheral blocking action. Observa- 
tions on glomerular filtration rate 
(inulin clearance) and renal plasma 
flow (para-aminohippurate clearance ) 
before and after receiving hexame- 
thonium for one month are presented 
in Table 5. 


TABLE 5.—RENAL HEMODYNAMICS BEFORE AND 
AFTER REDUCTION IN BLOOD PRESSURE FOR 
ONE MONTH WITH ORALLY ADMINISTERED 
HEXAMETHONIUM CHLORIDE 


Mean Blood 


GFR RPF Pressure 
Patient 
No. Cc D iy D Cc D 
65-H 100 99 572 697 156 120 
66-H 52 48 221 185 210 180 
67-H 90 86 445 477 160 130 
68-H 67 73 570 752 123 105 


C—Control 

D—One month after blood pressure reduction with hexa- 
methonium. 

GFR—Glomerular filtration rate, cc/minute. 

RPF—Renal plasma flow, cc/minute. 


* Mean blood pressure = diastolic pressure plus } of pulse 
pressure (supine). 


CiinicaL. Most of the problems and 
complications resulting from prolonged 
hypertension arise in three vascular 
beds. These are the brain, the heart and 
coronary vessels, and the kidneys. The 
present studies confirm many previous 
observations that the cardiac and cere- 
bral functions in patients with hyper- 
tension are improved by reducing the 
blood pressure. Hypertensive head- 
aches were relieved in about three- 
fourths of the patients. None of the 
patients in the current study who 
maintained a reduction in blood pres- 
sure developed any cerebral complice 
tions. As the blood pressure is reduced, 
the cerebral vessels dilate? and thus 
maintain cerebral blood flow even in 
the presence of severe hypertension. 
This cerebral vaso-dilatation appar- 
ently helps to prevent thrombi. Cer- 
tainly, it reduces the possibility of 


hemorrhages and small vessel bleeding. 
This was well demonstrated in the im- 
provement and resolution of the retinal 
hemorrhages in numerous instances. 
If the pressure is reduced excessively, 
one might anticipate complications 
such as cerebral ischemia with throm- 
bosis and paralytic phenomena. Cere- 
bral ischemia as manifested by dizzi- 
ness and occasional syncope was fre- 
quently seen in the upright position, 
particularly if the blood pressure was 
adjusted to normotensive levels in the 
supine position. However, cerebral 
thrombosis was not observed. One 
older patient developed _ transient 
weakness at a time that her blood 
pressure had declined excessively to 
80 mm. Hg systolic and 50 mm. Hg 
diastolic in the upright position. The 
temporary paresis was probably a re- 
sult of transient ischemia of the 
motor cortex. As soon as the patient lay 
down, all symptoms were relieved and 
full motor function returned. 

The decrease in precordial pain and 
improvement of the anginal syndrome 
in many instances suggests that the 
ratio of coronary flow to oxygen and 
metabolite demand is improved. In 
only one instance was coronary pain 
precipitated by the reduction in blood 
pressure; whereas definite improvement 
in angina was noted in three-fourths 
of the patients who suffered with this 
complication. Apparently the reduction 
in work load on the heart compensates 
for any decrease in coronary blood 
flow, if this occurs as a result of the re- 
duction in blood pressure. It also is 
quite possible that ganglionic blockade 
of the nerves to the heart inhibits anv 
vasoconstrictor impulses traveling to 
the coronary vessels. 

Reduction in blood pressure and its 
resultant decrease in work load on the 
heart was of definite benefit to the pa- 
tients in heart failure. Definite symp- 
tomatic improvement occurred in 
about three-fourths of the patients. 
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A decrease in venous return pressure* 
with a subsequent reduction in cardiac 
dilatation and improved cardiac ef- 
ficiency was probably a significant 
component of the beneficial results 
noted in patients with heart failure. 
These observations lead to the con- 
clusion that if cerebral pathological 
changes, coronary artery disease, or 
cardiac failure exist either alone or in 
combination and if they are secondary 
to severe and prolonged hypertension, 
attempts to reduce the blood pressure 
should be undertaken. This is particu- 
larly true if renal function is not im- 
paired. On the other hand if impair- 
ment of renal function dominates the 
clinical picture, caution must be exer- 
cised when reducing the blood pres- 
sure, since one may produce further 
impairment of renal excretory capacity. 
Although the damaged kidney responds 
to a reduction in blood pressure by 
vasodilatation in a relatively normal 
fashion this occurs more slowly!® and 
is occasionally incomplete. Incomplete 
renal hemodynamic readjustment is 
more likely to occur if the blood pres- 
sure is reduced to absolute normoten- 
sive or hypotensive levels. In the pres- 
ence of renal damage glomerular filtra- 
tion is critical and small absolute 
changes may throw the patient into 
frank or progressive renal failure. This 
does not indicate that blood pressure 
reduction is not feasible in the presence 
of impaired renal function. It does 
indicate that when blood pressure re- 
duction is undertaken it must be done 
with extreme caution and with con- 
stant evaluation of renal excretory 
function. Any tendency towards an 
increase in the blood urea nitrogen is 
a definite contraindication to further 
reduction in blood pressure. If the 
blood urea nitrogen cannot be deter- 
mined repeatedly, hypotensive therapy 
should not be undertaken in patients 
exhibiting azotemia. 
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When hexamethonium is compared 
with some of the other current drugs 
which have been used under similar 
circumstances, the superiority of the 
former as a hypotensive agent is obvi- 
ous. This is particularly true when 
long term follow-up is compared rather 
than initial responsiveness. When 
veratrum viride preparations such as 
Veriloid and Anatensol are adminis- 
tered by the oral route, the mean blood 
pressure can be reduced 20 mm. Hg or 
more in 20 to 50% of patients. However, 
in only a small number of patient (3 
to 7%) can the pressure be reduced to 
levels approximating normal ranges 
(150/100 or less). Occasional nausea 
and vomiting will be experienced at 
some time in nearly all patients. This 
limits its usefulness over a long period 
of time and follow-up after one year 
indicates that 20% of the patients or 
less continue to obtain any reduction 
in blood pressure from the control 
observations. 

The use of 1-hydrazinophthalazine 
is of limited usefulness when given 
alone, either orally or parenterally, due 
to the side effects, particularly the 
sympathomimetic effect on the heart 
with the resultant tachycardia and 
increased cardiac output. This is of 
serious concern in the presence of 
coronary artery disease wherein myo- 
cardial ischemia may. develop as a re- 
sult of the cardiac stimulant effect on 
a heart in which the coronary arteries 
are unable to deliver an adequate sup- 
ply of blood to the myocardium. When 
the tachycardia is marked, the electro- 
cardiogram shows T wave changes in- 
dicative of coronary insufficiency, pre- 
sumably on the basis of the increased 
cardiac work®. If the sympathomimetic 
effect on the heart is previously blocked 
off by the use of ganglionic blockade, 
1-hydrazinophthalazine is a valuable 
adjunct to the treatment of hyperten- 
sion. Out of 18 patients who were 
given combined hexamethonium and 1- 
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hydrazinophthalazine therapy, 11 were 
previously proven to be resistant to 
hexamethonium, and 7 were proven 
responsive to hexamethonium, but the 
blood pressures either fluctuated un- 
duly or the reduction in blood pressure 
was inadequate. In the latter group, all 
have shown greater stability or an ad- 
ditional reduction in blood pressure on 
combined therapy than on hexame- 
thonium alone. The blood pressure was 
returned to normal limits in 6 out of 
the 7 patients (Table 4). However, it 
was necessary to discontinue this ther- 
apeutic program in 2 of the patients be- 
cause of side reactions. Seven of the 11 
patients who were unresponsive to hex- 
amethonium alone also did not respond 
when Apresoline was added to the 
therapy. Two of these patients have 
died as a direct result of their hyper- 
tension. Four patients who were un- 
responsive to hexamethonium alone ob- 
tained a good response to combined 
therapy. These observations indicate 
that Apresoline has a place in the 
treatment of hypertension. In the au- 
thors’ opinion, the place for Apresoline 
in the treatment of hypertension is in 
combination with hexamethonium or 
following surgical sympathectomy in 
patients who do not obtain an adequate 
reduction in blood pressure with either 
one of these procedures when used 
alone. This conclusion is reached be- 
cause of the greater difficulty in reg- 
ulating dosages on combined therapy, 
and the higher incidence of side reac- 
tions which includes headache, diar- 
rhea, dyspnea, nausea, vomiting, and 
occasional paresthesias, most of these 
being due to the 1-hydrazinophthala- 
zine. 

Dibenzyline is the most effective 
peripheral acting adrenergic blocking 
agent. If the patients continue taking 
the drug, a reduction in blood pressure 
can usually be maintained®. Sixty-six 
per cent of the patients obtained an 
initial reduction in mean blood pres- 
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sure of 20 mm. Hg or more as com- 
pared to 81% in the case of hexame- 
thonium. The percentage of patients 
in whom the upright blood pressure 
returned to normotensive levels was 
about equivalent with both drugs. 
However, patients receiving Dibenzyl- 
ine frequently develop reflex tachy- 
cardia and palpitations as the blood 
pressure decreases since the sym- 
pathetic nerves to the heart are not 
-blocked. In addition, patients receiv- 
ing this drug “just feel bad” without 
being able to identify the complaint, 
probably a cerebral effect. These side 
effects are limiting factors in most 
instances and are reflected in the re- 
duced number of patients who bene- 
fit from the drug after 3 months or 
more of treatment (Table 6). Only 
34% of patients continued to take Di- 
benzyline after 8 months. The tachy- 
cardia is particularly difficult to con- 
trol, the presence of which is probably 
not warranted in the treatment of 
hypertension on a long term basis. It 
has been known for some time that 
the adrenergic blocking drugs do not 
block the effect of the sympathetic 
nervous system on the heart. By con- 
trast, the ganglionic blocking drugs 
apparently block the sympathetic im- 
pulses before they reach the heart. 
Therefore, hypotensive reflex tachy- 
cardia is not a factor with hexame- 
thonium. This makes hexamethonium 
more satisfactory in this respect and 
is an important reason why long term 
therapy with this drug is so much 
more successful than is the case with 
Dibenzyline. 

Summary and Conclusions. 1. The 
results obtained with hexamethonium 
chloride administered orally for the 
treatment of 58 patients with hyper- 
tension have been summarized. The 
patients in this study have been treated 
as outpatients and followed from 4 to 
16 months following the induction of 
therapy. The conditions of patient 


| 
4 


ORAL HEXAMETHONIUM IN THE THERAPY OF HYPERTENSION 397 


care have closely paralleled those which 
are met in a general office practice. 
Therefore, the results obtained in the 
present study should closely parallel 
those obtained in a general office prac- 
tice provided that the therapist under- 
stands the pharmacodynamics of the 
drug and pays strict attention to the 
regulation (titration procedure) of a 
dosage schedule which is an individ- 
ual problem in each patient. There is 
no set dose and the dose must be 
titrated in each patient in order to 
establish maximum blood pressure 
regulation. If this is not done, excessive 
hypotension and serious complications 
may result. 

2. Hexamethonium chloride when 
administered orally is an _ effective 
agent for reducing the blood pressure. 
Of 58 patients treated, all but 11 re- 
sponded with a significant (mean 
blood pressure decreased more than 
20 mm. Hg) reduction in blood pres- 
sure and in about one-half of the pa- 


tients the upright blood pressure re- - 


turned to normal limits. The amount 
of drug required was only slightly 
greater in the patients with diastolic 
blood pressures above 140 mm. Hg 
as compared to those with pressures 
less than 120 but more than 100. No 
difference could be detected between 
the unresponders and those who re- 
sponded except that patients with 
severe hypertension complicated by 
cardiac failure and moderate to 
marked renal disease seemed to be 
particularly resistant to therapy. 

3. Cerebrovascular disease and heart 
disease (cardiac failure, angina pec- 
toris ) seem to be particularly benefited 
by a reduction in blood pressure with 
hexamethonium. The renal _ vessels 
dilate and maintain renal blood flow 
and glomerular filtration rate about 
equal to the control observations in 
most instances. Damaged kidneys re- 


spond in essentially the same way that 
normal ones do. Therefore, impaired 
renal function (even if uremia is 
present) is not a contraindication to 
hypotensive therapy. However, in the 
presence of renal damage, glomerular 
filtration is critical and small changes 
may precipitate frank and progressive 
renal failure. This demands that in the 
presence of moderate to marked im- 
pairment of renal function, reduction 
in blood pressure must be undertaken 
with extreme caution and with constant 
evaluation of renal excretory function. 
Any tendency toward an increase in 
blood urea nitrogen is a contraindica- 
tion to further reduction in blood pres- 
sure. If close supervision and repeated 
evaluation of the blood urea nitrogen 
is not feasible, then hypotensive drug 
therapy with hexamethonium is defi- 
nitely contraindicated. 

4. The combined administration of 
l-hydrazinophthalazine (Apresoline) 
and hexamethonium further improved 
the blood pressure regulation in 11 of 
18 patients in whom adequate control 
was not obtained with hexamethonium 
alone. Apresoline is indicated as an 
adjunctive therapeutic agent in those 
patients who do not obtain adequate 
reduction in blood pressure to hex- 
amethonium alone. 

5. Hexamethonium chloride was su- 
perior to other orally active hypoten- 
sive agents used in the same clinic 
under similar circumstances. Diben- 
zyline produced somewhat comparable 
results initially but proved to be in- 
ferior to hexamethonium as a long 
term therapeutic agent. This was due 
largely to the inability for this drug 
to block off the sympathetic innerva- 
tion to the heart resulting in reflex 
tachycardia following blood pressure 
reduction. The tachycardia was partic- 
ularly marked in the upright position. 
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THE INACTIVATION OF ANTIBIOTICS BY 
CATION EXCHANGE RESINS 


By I. S. FriepMan, M.D. 
S. ZUCKERMAN, M.D. 
AND 


E. McCarry, M.P.H. 
BROOKLYN, NEW YORK 


(From the Division of Laboratories of The Jewish Sanitarium and Hospital 
For Chronic Diseases, Brooklyn, New York) 


Cation exchange resins are being 
used in edema states as a means of 
removing sodium from the body. How- 
ever, since these resins are not indi- 
vidually selective, they combine with 
any substance which has a_ positive 
charge or which is amphoteric*. In 
addition to cations they will absorb 
such materials as thiamin, riboflavin 
and alkaloids (quinine, atropine, sco- 
polamine). 

The problem of whether other orally 
administered medicaments would be 
inactivated by these exchangers arose 
during the management of patients 
with edema”. A chronic rheumatic car- 
diac patient with marked congestive 
heart failure was being treated success- 
fully with an exchange resin when she 
developed atypical pneumonitis. Since 
it was not known whether the oral 
antibiotics would be effective if used 
simultaneously with the resins, the 
problem was investigated. 


Method. A modified filter paper strip 
method was used!.4 to determine growth 
inhibition of four known organisms by the 
common antibiotics and to note any differ- 
ences when a cation exchange resin was 
added. 

The organisms were M. citreus, Strepto- 
coccus A,A,, E. coli and a paracolon bacil- 
lus. The concentrations per cc. of the stand- 
ard antibiotic solutions were: penicillin 50 
units, chloramphenicol 250 mcg., dihydro- 


streptomycin 500 mcg., terramycin 200 mcg., 
and aureomycin 100 mcg. 

Broth cultures of the organisms were 
standardized with the Coleman Jr. spectro- 
photometer and blood plates prepared from 
these. Filter paper strins, 7 x 1 cm., were 
immersed in the antibiotic solutions and 
allowed to drain for 5 seconds. These strips 
were then placed in the center of the blood 
plates and incubated overnight. The zone 
of inhibition of bacterial growth was then 
measured. 

Two grams of a cation exchange resin® 
were added to 20 cc. of the standard anti- 
biotic solutions. These mixtures were agitated 
on a Kahn shaker for 5 minutes. Some of the 
filter paper strips were then immersed im- 
mediately and plated as above, while other 
filter paper strips were immersed after the 
mixtures had been allowed to stand for 5 
hours. The zones of inhibition were meas- 
ured after overnight incubation. In the case 
of chloramphenicol plus the resin, a mixture 
24-days old was also tested. 

A control experiment was performed using 
a similar concentration of resin in sterile, 
distilled water. The pH values of the resin 
and antibiotic mixtures were determined. 
Turbidimetric tube dilution methods could 
not be utilized because of the turbidity pro- 
duced by the resin. 


Results. The resin alone did not in- 
hibit the growth of any of the organ- 
isms tested. Table 1 summarizes the 
results obtained with M. citreus (Gram- 
positive ) and E. coli (Gram-negative). 
Other organisms, Streptococcus A,A;, 
and Paracolon B., were used through- 
out the experiment with similar find- 


* Katonium, an ammonium sulfonated polystyrene type resin, was supplied by Winthrop- 


Stearns Inc., New York. 
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ings. In each instance, when the anti- 
biotic was used alone, a significant 
zone of inhibition was obtained. 

When penicillin or chloramphenicol 
was combined with the cation ex- 
change resin, the zone of inhibition 
was the same as when the antibiotic 
was used alone. This indicates that the 
resin did not inactivate either of these 
antibiotics. The results with chloram- 
phenicol were identical when the 
mixture was used immediately or al- 
lowed to stand for as long as 24 days 
prior to its use. 


TABLE 1. 


Resin- Antibiotic 


Resin alone 
Penicillin alone 
Penicillin + resin 
Immediate 
5 hours 
Chloramphenicol alone 
Chloramphenicol + resin 
Immediate 
5 hours 
24 days 
Dihydrostreptomycin alone 
Dihydrostreptomycin + resin 
Immediate 
Terramycin alone 
Terramycin + resin 
Immediate 
5 hours 
Aureomycin alone 
Aureomycin + resin 
Immediate 
5 hours 
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Gram-positive 


CATT 


broth and M. citreus to 6.25 for the 
mixture of resin, broth, Streptococcus 
and penicillin. 

Discussion. These findings indicate 
that dihydrostreptomycin, terramycin 
and aureomycin are significantly inac- 
tivated by cation exchange resins. Peni- 
cillin and chloramphenicol are not 
inhibited by these exchangers. It was 
subsequently learned that the commer- 
cial methods of concentrating strepto- 
mycin involve the use of cation ex- 
change resins. 


BACTERIAL GROWTH WITH RESIN-ANTIBIOTIC MIXTURES 


Gram-negative 


(M. citreus) (E. coli.) 
0* 
35-40 
35-40 
8-15 5-9 
10-15 5-9 
8-13 5-9 
8-15 5-9 
4-6 5-7 
0 0 
9 9 
7-9 1-3 
0-1 0 
9 5 
5-8 0 
0-1 0 


* Zone of inhibition of growth in mm. 


Dihydrostreptomycin, when com- 
bined with the resin, lost its antibac- 
terial activity immediately for both 
Gram-positive and Gram-negative or- 
ganisms. 

Terramycin (both crystalline and 
HCl) and aureomycin when combined 
with the resin were inactivated within 
5 hours. In the case of the Gram- 
negative organisms the _ inactivation 
occurred immediately. 

The pH values varied within the 
limits of 6.5 for the mixture of resin, 


Any pH variations attributable to 
the resin could not have been respon- 
sible for the results obtained because 
the resin alone did not produce similar 
changes. In addition, the measured pH 
values were within a relatively narrow 
range. 

It would seem then that antibiotic 
substances which can be absorbed by 
cation exchange resins may lose their 
antibacterial activity if they first come 
in contact with the resins. On the other 
hand, the antibiotics which are not 
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absorbable by the resins may not be so 
inhibited. 

Summary. These in vitro studies 
show that the antibacterial properties 
of penicillin and chloramphenicol are 
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not inhibited by the cation exchange 
resins. The antibacterial activities of 
dihydrostreptomycin, terramycin and 
aureomycin are suppressed by these 


resins. 
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POLYMYXIN B IN CHRONIC PYELONEPHRITIS: OBSERVATIONS ON 
THE SAFETY OF THE DRUG AND ON ITS INFLUENCE ON THE 
RENAL INFECTION*® 


JAMeEs Hopper, Jr., M.D. 
ASSISTANT PROFESSOR 
ERNEST JAWETZ, M.D., Pu.D. 
ASSOCIATE PROFESSOR 
AND 
FRANK HinMAN, Jr., M.D. 
ASSISTANT CLINICAL PROFESSOR 


(Divisions of Medicine, Microbiology, and Surgery (Urology), University of California 
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StncE the studies of Weiss and 


Parker’ it is generally accepted that 
the seat of infection and inflammation 
in pyelonephritis is predominantly in 
the interstitial tissue of the kidney and 
not primarily within the tubular and 
ductal system. One even observes in- 
stances of interstitial infection and 
inflammation without any intratubular 
involvement. This localization of in- 
flammation and infection has an im- 
portant bearing on the frequent dis- 
crepancy between urinary findings and 
symptomatology. 

All too often the treatment of 
urinary tract infection is directed at a 
sterilization of the urine, rather than 
at eradication of the focus of infection 
in the renal parenchyma. Yet a con- 
sideration of the natural history of 
pyelonephritis such as developed by 
Longcope and Winkenwerder®, and 
Birchall’? points to the urgent neces- 
sity of dealing with the infection in 
the renal interstitial tissue which 
threatens the integrity of renal struc- 
ture and function, rather than treat 
temporary, incidental symptoms often 
referable to the lower urinary tract. 

The great majority of chronic urinary 
tract infections are caused by Gram- 


negative bacteria. The commonly em- 
ployed antimicrobial substances effec- 
tive against such microorganisms, for 
example, sulfonamides, aureomycin, 
chloramphenicol, and terramycin are 
principally bacteriostatic agents. They 
are highly effective in many instances 
in sterilizing the urine, and _ con- 
comitantly alleviating the symptoms 
of inflammation. However, they are 
probably as ineffective in eradicating 
interstitial tissue infection in the renal 
parenchyma as they are ineffective in 
curing subacute bacterial endocard- 
itis?**. 

In order to be successful in the steri- 
lization of the renal parenchyma a 
drug should be highly bactericidal 
against Gram-negative organisms. It 
should penetrate and diffuse well, and 
should be sufficiently non-toxic to be 
administered for a long enough time 
to permit eradication of all bacteria; 
not merely to cause suppression. Poly- 
myxin B is a drug fulfilling at least 
the first of these requirements. It is 
strongly bactericidal against a majority 
of Gram-negative bacteria®'* and _ is 
‘apable of sterilizing the urine tem- 
porarily in chronic urinary tract infec- 
tion due to susceptible bacteria®'!. 


* Supported by a grant-in-aid from Burroughs Wellcome and Co, Tuckahoe, New York. 
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Objections to its use originate in sus- 
picions of nephrotoxicity and from the 
known unpleasant, if harmless, neuro- 
toxic side effects®. Experimental work 
has indicated that the chronic. nephro- 
toxicity of Polymyxin B is slight, 
whereas that of several other members 
of the family of Polymyxins is con- 
siderable*. Earlier clinical investiga- 
tion had suggested that Polymyxin B 
could be safely administered to per- 
sons with chronic pyelonephritis in a 
dose of 2 mg./kg./day for 7 days. The 
present investigation was undertaken 
to establish the possibility of prolong- 
ing the treatment with Polymyxin B 
beyond one week, even in patients 
with renal insufficiency, with the idea 
of eradicating the infection in the in- 
terstitial tissue of the kidney. 


Materials and Methods. Thirteen patients 
with pyelonephritis of long standing were 
treated with Polymyxin B. All were known to 
have had positive urine cultures for a number 
# years. Seven of these patients had essen- 
tally normal renal function judged by endog- 
enous creatinine clearance*, phenolsulfon- 
phthalein excretion test, concentrating ability, 
blood nonprotein nitrogen, and serum creatin- 
ine concentration. Notwithstanding normalcy 
of these tests some had moderate proteinuria 
as indicated in Table 2, and all had abnormal 
numbers of white and red cells in the urine. 
Six other patients were in various degrees of 
renal failure indicated by creatinine  clear- 
ances which were slightly reduced, or greatly 
reduced, with other accompanying signs of 
renal insufficiency usually passing under the 
term uremia. Several had hypertension as a 
complication; none were:in frank congestive 
heart failure. 

Two additional patients were included in 
the series although they did not have clearly 
defined chronic pyelonephritis. One (EMB) 
had intermittent evidence of urinary tract in- 
fection, with good kidney function, and was 
treated with Polymyxin B for an incapacitat- 
ing respiratory infection with Pseudomonas 
aeruginosa. The second patient (CC) devel- 
oped ureteral obstruction by a squamous car- 
cinoma of the vulva which had invaded the 
pelvis. She was treated with Polymyxin B in 
an attempt to control the infection of the 
urinary tract above the obstruction. No other 
patient had manifest obstruction in the lower 
urinary tract. 


* Normal 72 to 140/cc./min. (4) 
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Aerosporin brand Polymyxin B (Lots W 345 
and W 985) was supplied by Dr. D. S. Searle, 
Burroughs Wellcome and Co., in vials con- 
containing the equivalent of 50 mg. of the 
pure drug in the form of material of ap- 
proximately 75% purity. For injection the ma- 
terial was dissolved in 1 or 2 cc. saline per 
vial. Sufficient procaine hydrochloride to give 
a final concentration of 4% was added for 
intramuscular administration. Three patients 
received the drug in intravenous infusions of 
5% dextrose in water (50 to 100 mg. of Poly- 
myxin B suspended in 250 cc. of 5% dextrose ). 
Samples of blood and urine were obtained 
from a number of patients at intervals after 
injection of the drug, for determination of 
Polymyxin B levels. These were carried out 
by a tube-dilution method, using for assay a 
Shigella organism which was completely in- 
hibited by 0.05 microgram/cc. of Polymyxin 
B. 

During the period of study, before, during 
and after treatment the following tests were 
performed on most patients every 4 or 5 days: 
blood nonprotein nitrogen, serum creatinine, 
endogenous creatinine clearance*, quantita- 
tive protein and Addis count of urine, and 
quantitative urine cultures. Urinary protein 
was quantitated on 12-hour urine aliquots by 
the method of Hiller, Greif, and Beckman*. 
Creatinine of serum and urine was determined 
by J. H. Peters’ modification of Folin and 
Wu's method!°, Patients with severe renal 
insufficiency were not dehydrated for the 
Addis count. In addition all patients had com- 
plete blood counts, before and after treatment 
and serum electrolyte determinations when 
indicated. 


Results. The effects of Polymyxin B 
administration renal function, 
shown in Table 1, appear to depend 
largely on the patient’s renal status 
prior to therapy. The results are, 
therefore, discussed and tabulated by 
groups in relation to whether the pa- 
tients initially (before treatment) had 
normal or impaired function. 

Eight patients with essentially nor- 
mal renal function received from 1250 
to 2375 mg. of drug intramuscularly in 
9 to 14 days, with a daily dose range 
of 1.7 to 2.2 mg./kg. All these indi- 
viduals experienced some local pain 
with the injections. followed some- 
times by sciatic pain. Some also had 
flushing of the face, increasing dizzi- 
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ness, light headedness or headache, 
perioral paresthesias, peripheral pares- 
thesias and sometimes sensation of 
coldness and the other signs of neuro- 
toxicity associated with Polymyxin B 
described earlier®:*. Inconstantly there 
was severe headache requiring codeine, 
and sometimes there was moderate 
pruritus. All these side actions disap- 
peared within 48 hours after the drug 
had been discontinued. 

In these 8 individuals the adminis- 
tration of Polymyxin B in the dosage 
range stated above did not result in 
demonstrable or persistent impairment 
of renal function (Table 1). Shortly 
after the beginning of drug administra- 
tion the creatinine clearance values 
tended to rise temporarily, perhaps as- 
sociated with the vasodilatation evi- 
dent in other parts of the body®. Soon, 
however, the values returned to their 
pre-treatment level and remained there 
for weeks and months after administra- 
tion of the drug. Thus damage to renal 
function did not appear to be induced 
by the dosage range employed in per- 
sons with initial good function. The 
studies of proteinuria and urinary sedi- 
ment in this group likewise did not 
suggest the occurrence of renal dam- 
age (Table 2). In several individuals 
who had measurable proteinuria be- 
fore treatment, the transient increase 
during therapy failed to persist. While 
all these patients had red and white 
blood cells in their pre-treatment urine, 
there was no uniformly consistent 
change associated with treatment. 
Casts appeared in 4 individuals in the 
course of drug administration, but 
disappeared again within 1 to 2 
months. It may be summarized then 
that in 8 individuals with urinary 
tract infection and good kidney func- 
tion administration of 1.7 to 2.2 mg./ 
kg./day Polymyxin B for 9 to 14 days 
did not give evidence of significant 
nephrotoxic action. 
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The 7 cases comprising the second 
group had evidence of impaired renal 
function. It had been discovered in 
earlier work that persons who retain 
nitrogen also tend to accumulate Poly- 
myxin B and excrete it more slowly 
than those with normal kidney func- 
tion®. Consequently the dosage range 
of Polymyxin B was kept between 0.8 
and 1.3 mg./kg./day for from 6 to 12 
days. Even with this lower dosage the 
side effects were much more marked 
than in the first group, particularly 
dizziness and headache. Three pa- 
tients in this group received part, or 
all of the drug intravenously by slow 
drip (A.H., H.L., C.C.). The drug was 
well tolerated by this route which 
avoided the troublesome local pain 
after intramuscular injection. Other 
side effects appeared comparable in 
intensity to that following the intra- 
muscularly injected similar dosage. 

In 4 patients of this group some 
nephrotoxic action could be attributed 
to the drug, evidenced by a further 
depression of creatinine clearance and 
a rise in nonprotein nitrogen and/or 
creatinine. While this was usually a 
transient phenomenon it gave rise to 
concern and at times led to discontinu- 
ance of treatment with Polymyxin. This 
depression of renal excretory function 
is not mirrored in the Addis counts on 
this group of patients, inasmuch as 
there was no uniform trend in pro- 
teinuria or sediment. It appears from 
these data that notwithstanding re- 
duced dosage, prolonged administra- 
tion of Polymyxin B may have nephro- 
toxic effects in individuals with grossly 
impaired renal function. It follows that 
in such patients this drug should be 
used only when adequate laboratory 
facilities are available for appraisal of 
kidney function. The blood picture 
was not influenced by the drug in any 
patient. 

During treatment with Polymyxin 
B susceptible bacteria in the urine were 
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usually suppressed, but Proteus, Gram- 
positive bacteria, and some Pseudo- 
monas strains were not affected (Table 
3). In patients whose cultures became 
negative during treatment bacteria re- 
appeared in from 1 to 4 months, unless 
continuous suppressive therapy was 
administered. The bacteriological re- 
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sulfonamide therapy, but recurred at in- 
tervals with occasional bachache and hema- 
turia. Five years ago she had a _ normal 
pregnancy and delivery. Urine from both kid- 
neys uniformly grew E. coli for 4 years. Re- 
peated urological investigations revealed no 
significant anatomical abnormality. Past chem- 
otherapy included courses of sulfonamides, 
mandelamine, chloramphenicol and aureomy- 


cin, without definite or lasting effect on the 
infection. For over 1% years ureteral dilata- 
tions and irrigation with 2% silver nitrate were 
carried out. A culture on 8 November revealed 
2.5 million E. coli/cc of urine. 


lapse with the same organism as orig- 
inally present suggests that the focus 
of infection in the interstitial tissue was 
suppressed but not eradicated. The 


TABLE 3.—EFFECT OF TREATMENT WITH POLYMYXIN B ON THE RESULTS OF URINE CULTURES 
Number of bacteria per cubic centimeter of urine 
Post-treatment cultures 
During - 
Patient Pre-treatment culture treatment 1 week 1 month 1-4 months 

V.R A. aerogenes 106 0 0 107 t 
E.C Proteus 104 104 5 10 

E. coli K 106 0 0 
L.W E. coli 107 0 0 106 

Ps. aeruginosa 102 5 X& 102 10 10 - 
B. ¢ E. coli 3 XK 106 0 0 0 107 
B.R E. coli 108 0 0 5 X& 10 107 
A.M Ps. aeruginosa 5 X 108 > «x 10! 5 xX 10 107 106 
M.H E. coli 107 0 O* 
A.H Pseudomonas 108 0 0 - 
A.E E. coli 109 - 109 
H.L Ps. aeruginosa 10° 10 108 - - 
M.E.H E. coli 10° 0 Ot OT Ot 
G.H.B E. coli 107 0 0 0 

Ps. aeruginosa 108 10? 10! 108 

Strep. virid. 106 108 0 
| E. coli 10° 104 o* 

Proteus 5 XK 10! 104 0 0 0 

Strep. virid. 5 X 10! 105 102 0 10! 
cd Ps. aeruginosa 108 0 0 Pt. expired 

At end of Polymyxin B therapy placed on suppressive therapy with sulfadiazine 0.065 gm. 4 times daily. 


At end of Polymyxin B therapy placed on suppressive therapy with Mandelamine 0.25 gm. 4 times daily. 


No culture obtained. 


blood level of Polymyxin B reached as 
high as 15 micrograms/cc. in some pa- 
tients, and during the treatment pe- 
riod did not fall below 1 microgram/ 
cc. Urine levels of the drug could not 
be measured regularly. The failure to 
eradicate the infection must be _at- 
tributed to shortness of treatment pe- 
riod, and perhaps poor penetration of 
the drug into the infected area rather 
than generally inadequate tissue levels. 
The following brief case summaries il- 
lustrate representative experiences. 

Mrs. B.R., a 33-year-old housewife, had 
suffered from pyelonephritis 8 years. Shortly 
after her marriage 8 years ago the patient 
developed an attack of dysuria, frequency, 
nocturia and pyuria which subsided with 


Physical examination was essentially nor- 
mal. BP:115/76. Examination of the blood 
was within normal limits. Other laboratory 
data are seen in Tables 1, 2 and 3. From 10 
November, 1951 to 22 November the patient 
received daily intramuscular injections of 
Polymyxin B with procaine 2.2 mg./kg./day, 
to a total amount of 1500 mg. Ureteral cathe- 
terization carried out on 16 November, 
showed no obstruction, and cultures from 
both kidneys were sterile. During treatment 
the patient had only minor neurotoxic symp- 
toms but suffered from severe local and radiat- 
ing pain at the site of injection. 

Urine cultures on 16 October, 23 October 
and 6 November, 1951, were sterile, but on 
14 November and 26 December E. coli was 
present again, about 10 to 50 million per cc. 
The patient remained asymptomatic. With 
the physician’s permission the patient became 
pregnant again, and went through an un- 
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eventful course except for two flare-ups of 
urinary tract infection which required short 
courses of chloramphenicol. On 17 August, 
1952, the patient was delivered of a healthy 
child at term. Follow-up urine cultures on 
20 September and 22 November, 1952, were 
sterile 

Mrs. A.T., a 44-year-old registered nurse, 
had suffered from recurrent pyelonephritis 
since 1947. About 1949 she began to have 
attacks of severe right flank pain with ano- 
rexia, frequent nausea, vomiting, low grade 
fever and pyuria. Since that time she lost 23 
pounds in weight. She had 3 episodes of 
uremia during which her nonprotein nitrogen 
rose to 90 mg./100 cc. or more and her blood 
pressure to 200/100. Urine cultures showed 
always a predominance of E. coli. Various 
courses of treatment including sodium acid 
phosphate and Urotropin, Gantrisin, penicillin, 
terramycin and streptomycin failed to eradi- 
cate her infection. 

Physical examination showed a thin woman, 
not obviously ill, with blood pressure 165/95 
without cardiac enlargement. Eyeground 
changes corresponding to Keith Wagener stage 
2. Tenderness over the lower pole of the right 
kidney. Laboratory: Hemoglobin, 13.2 gm., 
leukocytes 3,700, serum creatinine 2.8, phe- 
nolsulfonephthalein 20% excreted in 2 hours. 
(See tables for other data.) 

From July 8 to July 12, 1952, the patient 
received intramuscular injections of Polymyxin 
B, 25 or 50 mg. every 12 hours, to a total 
of 450 mg., or an average of 1.1 mg./kg./day. 
In addition to marked local pain the patient 
developed severe pruritus relieved little by 
antihistaminics, slight neurotoxic symptoms, 
anorexia and some depression. When Poly- 
myxin B was discontinued she made a rapid 
recovery. Urine cultures. were negative on 
discharge. Since that time the patient ‘has 
been taking suifadiazine 65 mg. 4 times daily 
and her urine cultures have remained nega- 
tive. On 13 November, 1952, her serum crea- 
tinine was 2.6 mg./100 cc., her urinary pro- 
tein output had decreased to 0.5 gm./24 hrs. 
and the pus cells in the urine to 10 million 
per 24 hours, and there were no bacteria in 
the urine. 
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Summary and Conclusions. Fifteen 


. individuals were treated with Poly- 


myxin B in order to evaluate the ne- 
phrotoxicity of the drug and its ability 
to eradicate infection in the interstitial 
tissue of the kidney. Eight of these had 
good kidney function as measured by 
normal endogenous creatinine clear- 
ance tests. In them the administration 
of 1.7 to 2.2 mg./kg./day of Polymyxin 
B for 9 to 14 days was not nephro- 
toxic. 

The remaining 7 individuals had 
various degrees of impairment of kid- 
ney function, and were therefore 
treated with smaller amounts (0.8 to 
1.3 mg./kg./day) of Polymyxin B. In 
4 of these patients there was evidence 
of at least transient depression in crea- 
tinine clearance and of nitrogen re- 
tention. Thus the manifestation of ne- 
phrotoxicity of Polymyxin B appears to 
depend on the status of pre-existing 
kidney function. While prolonged 
treatment with this drug in full dosage 
appears safe in persons with good 
renal function, caution is necessary in 
cases of incipient, or manifest renal in- 
sufficiency. 

In the time-dose schedule used in 
this experiment Polymyxin B did not 
regularly succeed in eradicating the in- 
fection in the renal parenchyma, even 
when it was due to drug-sensitive mi- 
cro-organisms. It is uncertain whether 
more protracted therapy might ac- 
complish the aim. Several patients 
maintained negative urine cultures for 
many months, when therapy with Poly- 
myxin B was followed by small doses 
of sulfonamides. 
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TETRAZOLIUM AS AN AID TO THE STUDY OF TUBERCLE BACILLI*+ 


By H. S. M.D. 


H. M. VANDIVIERE 


AND 
W. H. Gentry, M.D. 


(From the North Carolina Sanatorium for the Treatment of Tuberculosis, McCain, 
North Carolina) 


THIs paper represents a story of a 
new application of a substance which 
has reposed for a long time inactive 
upon the chemists’ shelves. About a 
decade ago this substance, a colorless 
dye (2, 3, 5 triphenyltetrazolium chlo- 
ride), was observed to undergo reduc- 
tion in the presence of living cells to 
form an easily detectable red com- 
pound (red formazan). At this time 
botanists and agriculturists learned of 
the change in color of this dye when 
exposed to the living portion of cells, 
and they used it commercially to de- 
termine the percentage of viability in 
seed. These efforts indicated that cer- 
tain types of living bacteria also ef- 
fect the reduction, but little definitive 
work had been done in the field of bac- 
teriology in respect to determining via- 
bility by use of this dye®:*19-12.18, 

The scheme seemed to fit in well 
with a study that is being carried on 
at the North Carolina Sanatorium under 
a grant from the National Tuberculosis 
Association on a comparison between 
BCG and R;. This latter, as many 
know, is a strain of tubercle bacillus of 
low virulence used extensively in this 
country for study of allergy, resistance 
and immunity to tuberculosis. BCG is 
distributed for vaccination throughout 


*p 


the country but, as dispensed to date, 
it is administered with little knowledge 
concerning the viability of the bacilli 
in suspension. 


Method. Acid-fast bacilli can be harvested, 
washed, treated with tetrazolium for 2 hours 
in an incubator, during which time the living 
cells reduce the dye to red formazan which 
is extracted with acetone (Merck). This ma- 
terial is then centrifugalized, the supernatant 
fluid decanted, transferred to a monochro- 
matic colorimeter and read for percentage 
transmission, which indicates the percentage 
of viable bacilli present!4. In order to investi- 
gate the probable value of this tetrazolium 
salt as a viability test, approximately 20 mg. 
per cc. of 8-day cultures of tubercle bacilli 
(BCG and R,), grown in Dubos’> Tween 80°® 
medium with bovine albumin were used and 
were made into vaccines with Dubos’ basal 
medium as a diluent. One-half of the result- 
ing suspension was killed by flowing steam. 
The other half was maintained as a “live” 
vaccine. Dilutions were made using “live” 
vaccine in concentrations varying from 20 
mg. to 0 mg. with corresponding numbers of 
dead bacilli to give a final concentration of 
20 mg. per cc. and a volume sufficient for 
removal of 1 cc. for colony counts! and 1 cc. 
for tetrazolium reduction. The suspension for 
reduction studies was washed in order to re- 
move the residual enzyme system which may 
be retained after death of the bacilli. This 
residual may reduce the tetrazolium. To each 
tube was added 1 cc. of 0.25% solution of 2, 
3, 5 triphenyltetrazolium chloride contained 
in Dubos’ basal medium with 0.5% glucose, 


resented in part before the 65th Annual Meeting of the American Clinical and Climatologi- 


cal Association, Elmira, New York, October 18, 1952. 


+ This study was made possible by a grant from the Committee on Medical Research of the 
American Trudeau Society, medical section of the National Tuberculosis Association. 


** Tween 80 is the proprietary name for polyonyethylene derivative of Sorbiton mono-oleate, 
obtained from the Atlas Powder Company, Wilmington, Delaware. 
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0.02% Tween 80 and the pH adjusted to 7.2. 
This was incubated for 2 hours at 372°C. 

Results. It is observed in Fig. 1 that 
as the concentration of viable cells de- 
creases, so does the extent of reduc- 
tion, exemplified by the lessening of 
the color produced by the red forma- 
zan. At this stage the color is bound in 
the bacilli. There is a gradual varia- 
tion in the extent of color from a fairly 
deep red in the tube containing all liv- 
ing bacilli to a colorless tube at the 
other end of the chain containing all 
killed bacilli. 

This viability test has certain practi- 
cal applications of value in the labora- 
tory such as possible streptomycin sen- 
sitivity testing’®. It can be applied to 
the standardization of doses for animal 
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inoculation and enhancement of colony 
counting and photogenicity of cultures 
as described below. 

1. STANDARD INOCULA: This test en- 
ables one to inoculate animals with 
comparable and standard doses. One 
hundred guinea pigs were inoculated 
with approximately equal numbers of 
viable bacilli (1.0 mg.). Results from 
such inoculation should be comparable 
if the strains are equal. The study fur- 
ther compared strains on two bases: 
(a) the titer of cord formation in cul- 
ture; and (b) the duration of allergy 
produced by several strains when inoc- 
ulated into guinea pigs. Such com- 
parative observations are made _ pos- 
sible by standard doses determined by 
use of this tetrazolium salt. 
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Fic. 1.—The reduction of 2, 3, 5 triphenyltetrazolium chloride to red formazan by the biologic 
activity of low concentrations (concentrations of 0 to 3.2 mg. per cc. were nephelometrically 
standardized) of living and dead tubercle bacilli (R, Ry), as indicated by percentage transmis- 
sion. Lower transmission reading is due to less dilution of dye before reading. The trend of 
colony counts is plotted on regular graph paper.® 

* Colony counts have been made repeatedly from various dilutions of the suspension men- 
tioned above and compared with this viability test. This has been sufficient to indicate the 
complete reliability of the latter (Figure 1). 
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This is not a paper to discuss cord 
formation of tubercle bacilli, except in- 
sofar as standard doses of bacillary 
strains that vary markedly in the end 
point of cord formation vary signifi- 
cantly in ability to establish lasting in- 
fection when doses are predetermined 
by this viability test. 

In liquid medium rich with human 
albumin fraction and plasma, various 
strains of tubercle bacilli grow to form 
serpentine cords. Some do not. Tween 
80 when added to medium causes mi- 
cro-organisms to disperse, depending 
upon the degree of virulence and, ob- 
viously, on the proportion of Tween 
80 which is added. On this basis, as in- 
dicated in Fig. 2, three strains of BCG 
show marked differences as to the point 
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in concentration of Tween 80 at which 
cords disperse: in one strain (No. 6 in 
Fig. 2) this takes place at a concen- 
tration of 0.010; in No. 7 at 0.030; and 
No. 8 at 0.050. R; (No. 9) and viru- 
lent strains (Nos. 10 and 11) retain 
cord formation at still higher concen- 
trations. It is obvious from the Figure 
(right side) that those strains having 
slight ability to form cords in the pres- 
ence of a dispersing agent establish in- 
fection in guinea pigs (when standard 
doses are used: 1.0 mg. viable bacilli 
in this instance) which is of compara 
tively short duration". 

2. ENHANCEMENT OF COLONY COUNT- 
ING AND PHOTOGENICITY OF CULTURES. 
The detection of colonies and their 
photogenicity are enhanced greatly if 
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Fic. 2.—Titration of cord formation of various strains of Mycobacteria and their relation to 
duration of allergy in animals inoculated with standard doses of the three of these strains. 1H, 
Ra, 2=Avian (Kirschberg), 3=M. 607 (Sm. sensitive), 4—=M. 607 (Sm. resistant), 5=R, Ra, 
6=BCG (Strain 3), 7=BCG (Strain 2), 8=BCG (Strain 1), 9=R, R,, 10=Bovine (Ravenel), 
11=Hg, Ry. 

C. F.=Cord Formation Titer, A. R.=Allergy Retained, O=Number of guinea pigs with 
allergy retained. 
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TETRAZOLIUM 


one incorporates a weak dilution 
(0.005%) of neotetrazolium chloride in 
the media, or adds a drop or two of it 
(0.1%) to the surface of the growth 
and reincubates for half an hour. In 
such circumstances every growing 
point assumes a deep blue color. This 
has been done effectively by Mudd and 
his associates!?. 
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duced to blue formazan within the 
body of the bacillus if the latter is 
living and the process indicated below 
is carried out. Confirmation of this is 
required by further study which is 
now in progress. This study to date 
comprises 7 cases of resected tissue 
in which data on cultures are com- 
plete, and these are presented in Table 


TABLE 1 


In the 7 cases here reported, neotetrazolium reduction compares favorably with routine cultures when 


there are sufficient bacilli for reduction study. 


Less than five (5) bacilli found on direct smear makes 
an evaluation of neotetrazolium chloride reduction impossible. 


A comparative study of more than 


this number must be made to determine the presence of or lack of reduction. 


Post Operative Examination of Tissue 


Pre-operative Data - 


— Gross Appearance of 
Duration of 


Tubercle Bacilli 
Routine 


Lesion 
SM Prior — 
to Oper. Non-atr- 
Patient (months) Air-bearing bearing 
cS. W. N. 7 Cavity* 
Cavity 
J.R. 18 Cavity 
Cavity 
C.B. 3} Cavity 
Tubercle 
C. 8 Cavity 
J. A. 4 Pulmonary 
tissue ad- 
jacent to 
cavity 
Cavity 
E. Me. 8 Pulm. tissue 
Cavity 
S. H. 73 Cavity 


* The term cavity is used loosely in the literature, for example, 


Direct &/or 
conc. smear 


% bacilli e¢ 8 wks. cult. 
N.T.C. reduction &/or animal 


58 Pos. 
+ <5 Neg. 
+ 20 Pos. 
Neg. 
+++ 35 Pos. 
Neg. Pos. 
Neg. — Pos. 
Neg. 
Neg. Neg. 
Neg. 
Neg. Neg. 
+ Neg. Neg. 


‘inspissated”’ cavity. In this study 


all so-called non-air-bearing cavities were filled with caseous tissue that was dry, semi-dry or liquefied. 
** <5 bacilli found on all slides: too few organisms to evaluate neotetrazolium reduction. 


3. STUDY OF RESECTED PULMONARY 
TIssuE. The viability test with tetrazo- 
lium may have another application in 
respect to the very recently developed 
interest in the recovery of acid-fast 
bacilli from tuberculous lesions in pul- 
monary tissue removed after chemo- 
therapy. In these circumstances acid- 
fast bacilli are usually readily demon- 
strable by stain, but they may fail to 
grow on Much specu- 
lation exists regarding the exact via- 
bility status of these bacilli, but it ap- 
pears that neotetrazolium can be re- 


1. This table indicates essentially that 
tubercle bacilli recovered from open 
(air-bearing) cavities and shown on 
stain reduce neotetrazolium within 
their bodies and also grow well on 
culture, and that those from material 
in closed cavities, although numerous 
by smear and stain, usually fail to grow 
on culture and fail to reduce neotetra- 
zolium. These impressions are derived 
from handling resected tissue in the 
following manner. 

Tissue in question which is usually 
the caseous content of a cavity or pre- 
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sumed (filled) cavity, is ground and 
thoroughly mixed with equal parts of 
0.01% neotetrazolium chloride contained 
in Dubos’ basal medium® with 0.02% 
Tween 80, 0.5% glucose, and the whole 
adjusted to pH 7.2. All these ingredi- 
ents and relationships seem to be nec- 
essary for maximal metabolic activity. 
These suspensions are made in tubes 
of small diameter and incubated for 
reading at 48 to 72 hours when slides 
are prepared and stained by the Ziehl- 
Neelson method, except with 1% mala- 
chite green as counterstain. When re- 
duction of the tetrazolium has oc- 
curred, the red bacilli present blue 
“dots” at areas of (presumed) greatest 
metabolic activity*. 

The following brief notes on one case 
history will illustrate the essential facts 
in the circumstances and indicate the 
possible significance of the procedure. 


Case Report. G. B. N., Case No. 13,991. A 
white male of 51 years with far advanced 
pulmonary tuberculosis received streptomy- 
cin, 1 gm. twice a week and PAS, 12 gm. 
per day, for 7 months up to resection of the 
left upper lobe for residual lesions. His 
sputum was positive for the first 4 months 
of drug treatment and negative thereafter. 

The specimen revealed two cavities: one 
air-bearing and one non-air-bearing, each 
containing caseous material. In each, consid- 
erable and approximate numbers of acid-fast 
bacilli were present on direct and concentrate 
smear. In the caseous material from the air- 
bearing cavity, 58% of the bacilli reduced 
neotetrazolium chloride to blue formazan 
within the bacillary body when properly ex- 
posed. On the other hand, less than 5% of 
bacilli from the closed or non-air-bearing 
cavity reduced this salt. 

Routine cultures of material from the air- 
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bearing cavity grew out in the usual 6 to 8 
weeks period. Cultures of material from the 
non-air-bearing cavity were negative at this 
time, yet the same material grew bacilli when 
planted on media containing 10 mcg. of 
streptomycin per cc. And when all culture 
tubes (with and without streptomycin, 10 to 
400 mg. per cc.) were incubated for 16 weeks, 
growth occurred on all. 

Do such results indicate that living 
bacilli (the 58% reducing neotetrazol- 
ium) in the open cavity grow abun- 
dantly and in 6 to 8 weeks yield full 
development on culture medium and 
that the very few (less than 5%) living 
bacilli in the non-air-bearing area re- 
quired a much longer time to produce 
manifest growth? This matter is under 
active study. 


Summary and Conclusions. 1. The 
tetrazolium salts have the capacity to 
indicate viability of bacterial suspen- 
sions by undergoing reduction to either 
red or blue formazan, as the case may 
be, in the presence of living cells if 
proper techniques are carried out. 

2. These substances can be used to 
standardize inocula so as to insure 
comparable doses of bacterial suspen- 
sions to animals. 

3. When incorporated in media or 
added to cultures and_ incubated 
briefly, neotetrazolium is reduced at 
points of growth and this greatly facili- 
tates colony counting and enhances 
the photogenicity of cultures. 

4. Neotetrazolium may be of aid in 
determining whether non-growing tu- 
bercle bacilli recovered from _ tissue 
after chemotherapy and excision are 
viable or not. 


* At once someone will say “Much granules”. It is true that these areas which reduce the 
tetrazolium to blue formazan within the bacilli are blue and resemble to some extent the blue 
or black Much granules. However, bacilli from the same source fail to reveal such dots when 
stained conventionally. Furthermore, Much’s granules tend to be present at any point in the 
bacillary body and the blue formazan areas tend to be polar. So it seems logical and proper 
to associate the blue discoloration with metabolic phenomena. 


ACKNOWLEDGMENTS. Drs. Marshall G. Morris and William F. Hollister, of McCain and Pine- 
hurst respectively, are the surgeons who provided the material for that portion of this paper 
which deals with study of resected pulmonary tissue. Without their full cooperation in the 
work, this part of the paper could not have been done. This is a note of thanks to them. 


TETRAZOLIUM AS AN AID TO STUDY OF TUBERCLE BACILLI 415 


REFERENCES 


1. Beck, F., and Yegian, D.: Am Rev. Tuberc., 66, 44, 1952. 

2. D’Esopo, N.: Quart. Progress Rep. V.A.—Army-Navy Coop. Study on Chemotherapy of 
Tuberculosis, 42, Oct., 1951. 

3. D’Esopo, N., Bernstein, S., Lee, W. F., Decker, A. M., and Steenken, W., Jr.: 11th Conf. 
Chemotherapy, Veterans Administration, p. 230, 1952. 

4. Dubos, R. J.: 11th Conf. Chemotherapy, Veterans Administration, p. 234, 1952. 

5. Dubos, R. J., and Fenner, F.: J. Exper. Med., 91, 261, 1950. 

6. Fred, R. B., and Knight, S. C.: Science, 109, 169, 1949. 

7. Hall, W. H.: 11th Conf. Chemotherapy, Veterans Administration, p. 232, 1952. 

8. Hanks, J. H.: J. Bact., 62, 529, 1951. 

9. Kuhn, R., and Jerchel, D.: Bericht. deutsch. chem. Ges., 74, 949, 1941. 

10. Mattson, A. M., Jensen, C. O., and Dutcher, R. A.: Science, 106, 295, 1947. 

11. Medlar, E. M., Bernstein, S., and Reeves, F. C.: Am. Kev. Tuberc., 63, 449, 1951. 

12. Mudd, S., Winterschied, L. C., DeLamater, E. D., and Henderson, H. J.: J. Bact., 62, 
459, 1951. 

3. Smith, F. E.: Science, 113, 715, 1951. 

14. Vandiviere, H. M., Gentry, W. H., and Willis, H. §.: Am. Rev. Tuberc., 66, 95, 1952. 

15. Vandiviere, H. M., Willis, H. S., and Gentry, W. H.: Nat. Tuberc. Trans. (in press). 

16. Yegian, D.: Am. Rev. Tuberc., 66, 629, 1952. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manuscripts intended for publication in THE AMERICAN JOURNAL OF THE MeEpIcaL ScIENcEs, and 
correspondence, should be sent to the Editor, Dr. Richarp A. Kern, Temple University School of 
Medicine, Philadelphia 40, Pa. Articles are accepted for publication in THe AMERICAN JOURNAL OF 
THE Mepicat ScrencEs exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
with liberal margins. The author’s chief position and, when possible, the Department from which 
the work is produced should be indicated in the subtitle. InLusTRaTIOoNS accompanying articles should 
be numbered and have typed captions bearing corresponding numbers. For identification they should 
also have the author’s name written on the margin or back. The recommendations of the American 
Medical Association Style Book should be followed. Rerrerences should be numbered and at the 
end of the articles arranged alphabetically according to the name of the first author and should be 
complete, that is, author’s name, journal, volume, page and year (in Arabic numbers). 

ReturN PostaGE should accompany all manuscripts but will be returned to the author if the manu- 
script is accepted. 

100 Reprints will be supplied gratis. Covers will be omitted on all articles. Orders of additional 
reprints will be supplied in multiples of 100. 


| 
8 
ie 
is 
n 
yf 
Oo 
| 
d 
e 
" 
f 
) 
l 

| 


PLASMA LIPOPROTEIN 


CHANGES INDUCED BY 


ACUTE 


LOCAL COLD INJURY 


By Lawrence J. Mixcu, Pu.D. 


Rosert F. RepMonp, M.D. 


W. Catuoun, B.S. 


AND THE 


CARDIOVASCULAR RESEARCH 


Group} 


(From the Department of Pharmacology and Biochemistry, USAF 
School of Aviation Medicine, Randolph Field, Texas) 


GorMaN et al.? observed that athero- 
sclerosis in rabbits and men is asso- 
ciated with increased levels of the 
cholesterol-bearing S; 12-20 and S; 20- 
100 classes of serum lipoproteins. 
Pollack® reported that vascular lesions 
resembling atherosclerosis were noted 
at autopsy in children who had died 
after acute traumatic episodes. In this 
laboratory, significantly increased con- 
centrations of serum cholesterol were 
observed in rabbits rendered hyper- 
sensitive to horse serum’, a treatment 
reported to be associated with acute 
tissue breakdown’. These reports sug- 
gest that acute traumatic injury is as- 
sociated with both atherosclerosis and 
an increase in the serum levels of cer- 
tain lipoproteins. It was decided, there- 
fore, to subject rabbits to trauma in 
the form of acute, severe, local cold 
injury and measure the changes in the 
blood lipoproteins. 


Methods. Sixty albino male rabbits of the 
New Zealand strain were selected from the 


colony in this laboratory and numbered con- 
secutively. The animals weighed approxi- 
mately 2 kg. each and were maintained in an 
air-conditioned room on standard commercial 
feed and water, ad libitum, prior to and 
throughout the experiment. Twenty cubic 
centimeters of blood were taken from each 
rabbit by cardiac puncture with a lightly 
heparinized syringe and the packed cell 
volume determined on a small portion of each 
sample. The remaining blood was centrifuged, 
the plasma* separated, and each sample 
labeled with the rabbit number plus the 
designation “pre” indicating “pre-trauma.” 
Care was exercised during drawing and han- 
dling of ‘the blood to avoid hemolysis. The 
se:mples were analyzed for to’al protein, total 
cholesterol, linid phosphorus, and the concen- 
trations of the S, 12-20 and 20-100 classes of 
lipoproteins. The analytical procedures, as 
done in this laboratory, have been previously 
described8**. Immediately following the in- 
itial blood sampling, the right hind leg of 
each rabbit was shaved and depilated ac- 
cording to the technique of Pichotka and 
Lewis°. 

Twenty-four hours after depilation, the 
rabbits were tied to animal boards with their 
shaved right hind legs dangling below the 
level of the board. Each shaved leg was 
lightly greased with sulfamylon ointment and 


t Onan W. Bomar, Clarence W. Johnson, Richard A. Yarnell, John G. Collins, and William 


H. Graves, Jr. 


* It should be noted that lipoprotein analyses herein reported are given for blood plasma. 
Thus far, literature by the present authors and others have recorded lipoproteins in blood 
serum. Data taken in this laboratory demonstrate that plasma and serum give identical results. 
Dr. John Gofman has confirmed this finding in a personal communication. 


** Determination of phospholipid has since been modified to include a change suggested 
by Dr. Harry Albaum of Brooklyn College. This modification consists of direct color develop- 


ment in the digestion tube. 
( 416 ) 
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fitted with a rubber sheath. Wherever the 
sheath fitted loosely it was secured with ad- 
hesive tape. The rabbits were then divided 
into two equal groups. The control rabbits 
were allowed to remain secured to the boards 
with their shaved and covered right hind 
limbs suspended in air at 25° C. for a period 
of 30 minutes. The experimental group of 
rabbits, secured in the same position, were 
subjected to a standardized local cold injury 
of the right hind limb by suspension in an 
alcohol-water bath at —12°C. for 30 minutes. 
The details and mechanics of the cold ex- 
posure have been described by Pichotka and 
Lewis®. All rabbits were then taken off the 


sensitive to local cold injury. The S; 
12-20 class of lipoproteins shows an 
average increase of 69 mg. per 100 cc. 
in cold-injured rabbits, of which only 
13 mg. per 100 cc. is accountable on 
the basis of blood sampling (compare 
with controls). The S, 20-100 class of 
lipoproteins shows a change of even 
greater magnitude in the same direc- 
tion (see Fig. 2). Plasma cholesterol 
concentrations in control rabbits 
showed no significant increase, where- 


TABLE 1.--MEAN VALUES FOR VARIOUS OBSERVATIONS OF BLOOD AND PLASMA 
CONTENT IN CONTROL AND COLD INJURED RABBITS 


Control 


Pre Post 
value value Change 
Cholesterol 49.5 54.4 5.0 


mg. per 100 ce. 
Sr 12-20 Lipoproteins 27.1 40.6 13.4 
mg. per 100 cc. 
S¢ 20-100 Lipoproteins 24.8 56.8 31.9 
mg. per 100 cc. 
Total protein gm.% 


or 
or 
| 


Packed cell volume % 41.0 33.4 —7.6 

Lipid phosphorus 4.3 5.1 8 
mg. per 100 ce. 

Lipid phosphorus to 97 1.0 .03 


cholesterol ratio 10 


Cold Injured 


Pre Post 
value value Change Change tac 
52.2 119.3 67.1 64.28 <0.0001 
33.3 102.5 69.2 55.46 <0.0001 
35.7 >181.7* >146.0* >113.41* 0.002 
5.3 4.8 —.5 —0.29 0.08 
40.3 33.8 —6.5 1.47 0.21 
4.0 8.2 4.2 3.35 <0.0001 
.90 1.0 0.07 >0.50 


* Some observations were greater than the maximum value which could be measured. In these 


cases the maximum observable value was used. 
P 


boards and the rubber sheaths removed from 
the exposed right limbs. Sulfamylon ointment 
was applied and the legs dressed with roller 
bandages. Twenty-four hours after exposure, 
a blood sample was taken from each rabbit, 
packed cell volume determined, the plasma 
separated, and each sample labeled with the 
corresponding rabbit number, plus the prefix 
“post” indicating “post-trauma.” The “post” 
samples were chemically and physicochemical- 
ly analyzed exactly as were the “pre” samples. 
The “pre” value was subtracted from the 
“post” value and recorded as a positive or 
negative net difference for each of the con- 
trol and traumatized rabbits. Mean net dif- 
ferences were then taken for each experi- 
mental variable and the significance level of 
the net effect of local cold injury recorded in 
terms of “P.” These results are shown in 
Table 1 and Fig. 1. 

Discussion. The data indicate that 
plasma lipoprotein levels are very 


= probability that A change is due to chance: 


as corresponding levels in the ex- 
perimental animals showed a mean 
increase after cold exposure of 129%. 
These data suggest a link between the 
observations of Pollack, who noted 
atherosclerosis following acute trauma; 
and Gofman, who reported increased 
blood levels of lipoprotein associated 
with atherosclerosis. 

The increased concentration of lipo- 
protein in the cold-injured rabbits 
after trauma cannot be accounted for 
on the basis of hemo-concentration. 
The data indicate that there is no sig- 
nificant effect of cold exposure alone 
on either packed-cell volume or total 
plasma-protein concentration. If any- 
thing, a significant hemo-dilution was 
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Fic. 1.—Distribution of changes in blood variables induced by local cold injury ( “post” 
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.—The upper figure is the ultracentrifuge pattern of the plasma top fraction prior to cold 
exposure in two rabbits. The lower figures are the patterns in the same animals after local 
cold injury. 
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noted in both control and traumatized 
groups, probably due to the pre-bleed- 
ing. Consequently, we must consider 
the increased cholesterol concentra- 
tion observed as a result of cold in- 
jury to reflect a marked increase in 
total circulating cholesterol. In this 
regard, it is interesting to recall the 
findings of Schwenk and Werthessen® 
who perfused whole pig liver in organ 
culture. These investigators reported 
that when the perfused organ was ex- 
cised and cultured with minimum 
damage and handling, there were pro- 
duced only small amounts of labeled 
cholesterol from C1 tagged acetate 
introduced into the perfusate. If, on 
the other hand, the liver was rendered 
anoxic during the perfusion, or physi- 
cally damaged by slashing with a knife 
blade, the uptake and conversion of 
acetate to cliolesterol was increased 
several hundredfold. It would seem 
that tissue cells synthesize increased 
amounts of cholesterol as an integral 
portion of the repair process and that 
possibly the higher level of plasma 
lipoprotein observed in this present 
experiment originated in the regener- 
ating tissue of the traumatized rabbit 
leg. 

Sufficient plasma was available to 
allow analysis for lipid phosphorus in 
33 animals. These data demonstrate a 
significant increase in phospholipid as 
a result of local cold injury. Gertler 
and Garn? have suggested that the 
phospholipid in blood tends to stabil- 
ize the cholesterol colloidal sol and 
thus inhibit the deposition of choles- 
terol in the arterial intima. 

The relationship between plasma 
phospholipid and cholesterol is shown 
as the lipid phosphorus to cholesterol 
ratio in Table I. It will be noted that, 
in spite of the increased levels of both 
variables, local cold injury induced no 
significant change in the ratio. The in- 
creased levels of phospholipid noted in 
the present experiment may be a mani- 


festation of a homeostatic effort on the 
part of the injured organism to mini- 
mize possible damaging effects of in- 
creased cholesterol concentration. 

In a histologic study, Lewis and 
Moen‘ demonstrated that identical 
lesions can be produced in rabbit 
muscle by either cold, heat, or tourni- 
quet injury. These authors point out, 
however, that cold is less efficient than 
heat but more efficient than ischemia 
as a means of producing the necrosis. 
It will be interesting to determine 
whether or not this quantitative varia- 
tion is reflected in the plasma lipo- 
protein patterns of rabbits subjected to 
the different types of trauma. 

The Gofman group has reported 
that the increased levels of athero- 
genic lipoproteins observed in choles- 
terol-fed rabbits can be inhibited by 
heparin administration’. If similar in- 
hibition can be achieved in trauma- 
tized rabbits such data may tend to 
strengthen the etiological relationship 
between traumatic injury and athero- 
sclerosis that was suggested by Pollack. 
These latter problems are receiving 
continued study in this laboratory. 

Summary. Plasma lipoprotein levels 
were determined in rabbits subjected 
to acute local cold injury. Plasma 
cholesterol, presumably transported in 
the blood as a protein conjugate, was 
increased markedly in the traumatized 
animals. Highly significant increases 
were also noted in the plasma con- 
centrations of the S, 12-20 and S, 20- 
100 classes of lipoproteins. That these 
increases were not the result of a 
hemoconcentration was established by 
the fact that little change in either 
packed-cell volume or total protein 
concentration of the blood plasma 
could be recorded. The data are dis- 
cussed with regard to the possible 
source of increased lipids and, also, 
with respect to a possible etiologic re- 
lationship between traumatic injury 
and atherosclerosis. 


For explanation of interpretation of ultracentrifugal plates see Redmond et al.8 
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REACTIVATION OF PULMONARY TUBERCULOSIS IN 
RELATION TO SUBTOTAL GASTRECTOMY 
FOR PEPTIC ULCER* 


By THomas A. WarRTHIN, M.D. 
ASSOCIATE CHIEF, MEDICAL SERVICE 


VETERANS ADMINISTRATION HOSPITAL AND CLINICAL PROFESSOR OF MEDICINE 
TUFTS COLLEGE MEDICAL SCHOOL 


(From the Veterans Administration Hospital, Boston, Massachusetts) 


Gastrectomy for relief of peptic ul- 
cer has, in the past 10 years, become 
one of the most frequently performed 
major operations. There is little discus- 
sion in American medical literature of 
any adverse effect of such gastrectomy 
upon inactive, arrested or even active 
pulmonary tuberculosis. The Continen- 
tal journals, on the other hand, have 
carried a number’ *® of papers on this 
subject. These investigators are ini gen- 
eral agreement that gastrectomy exerts 
a distinctly adverse effect upon inactive 
or arrested tuberculosis. From 1 to 15 
months after the operation, an acute, 
exudative tuberculous pneumonia may 
develop, which terminates fatally in a 
few months in approximately 25% of 


those infected. Almost all of the pa- 


tients were believed to have been in 
good health before their surgical epi- 
sode, but few had received the benefit 
of a chest roentgenogram at that time. 
One Gallic phthisiologist! reported that 
3% of the 742 patients in his sanatorium 
carried gastrectomy scars on their up- 
per abdomens. It was suggested by 
these investigators that gastrectomy for 
peptic ulcer should be reserved for 
those patients with obstruction or ex- 
sanguinating hemorrhage, when these 
individuals in addition carry a definite 
lesion of tuberculosis in their chest film. 
A variety of neural, vegetative, hu- 


moral, hormonal, metabolic and nutri- 
tional hypotheses were submitted by 
them in explanation of this observation. 

Our attention and interest in this di- 
rection was aroused by encountering 7 
instances of the combination in the past 


TABLE 1.—CONCURRENT DIAGNOSES 
IN 142 PATIENTS FOUND TO HAVE 
TUBERCULOSIS IN THIS HOSPITAL 

BETWEEN JULY, 1946 AND 


JUNE, 1950. 

No. of 

Concurrent Diagnoses: Patients 
Alcoholism 18 
Diabetes mellitus 7 
Post-gastrectomy 7 
Laennec’s cirrhosis 6 
Marie-Striimpel arthritis 8 
Other operations 2 


4 years (Table I). Seven of the 142 
patients with pulmonary tuberculosis 
admitted to the West Roxbury Veterans 
Hospital during this period and sub- 
sequently transferred to a tuberculosis 
hospital had formerly been subjected 
in this hospital to gastrectomy for pep- 
tic ulcer. In addition, the well recog- 
nized association of tuberculosis with 
alcoholism or Laennec’s cirrhosis was 
apparent. There were also 7 patients 


* Presented at the 65th Annual Meeting of the American Clinical and Climatological 
Association, October 16-18, 1952, at Elmira, New York. 
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with both diabetes and tuberculosis. 
During that same period 356 gastrec- 
tomies had been performed for various 
ulcer disorders, an incidence of 2% of 
all of our gastrectomized patients who 
developed subsequent serious tubercu- 
losis. Our overall admission rate for 
tuberculosis was 0.5%. This is slightly 
less than the 0.8% figure reported for the 
Veterans Administration case-finding 
survey program? in the screening of in- 
patients. 
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interpreted as showing only a large Ghon 
tubercle in the periphery of the right upper 
lung field, but re-evaluation later, demon- 
strated a small soft lesion above this behind 
a rib. Upon failure to heal the ulcer, an elec- 
tive gastrectomy was performed. He was seen 
repeatedly in surgical follow-up clinic because 
of vomiting and weight loss. The latter to- 
talled 20 pounds within 10 months of the 
operation and he was readmitted in Novem- 
ber, 1947, for investigation. A chest film (Fig. 
1) revealing extensive pneumonic involvement 
on the right, and a positive sputum examina- 
tion promptly explained some of his difficul- 
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Fic. 1.—Chest films of patient A.M. (Case 1) before gastrectomy and 10 months after operation. 


Of our 7 patients, 2 have died; 2 are 
in a sanatorium with chronic, far ad- 
vanced active disease, with a “fair” 
prognosis; 2 are arrested, having had 
extensive thoracic surgery; and one is 
cured. This record is striking in its 
poorness. 


Case Reports. Case 1. A.M., a 50-year-old 
electrician, was first seen in December, 1946, 
following a moderate hematemesis. A gastric 
ulcer was demonstrated by Roentgen-ray, 
which did not decrease in size during 3 weeks 
of medical therapy. His chest film (Fig. 1) was 


ties. He was transferred to a tuberculosis hos- 
pital. There he did poorly, with spread to 
much of his left lung in spite of streptomycin 
therapy. He signed out against advice in 
April, 1949, while in a terminal state, and 
died shortly thereafter. 

Case 2. D.F., a 59-year-old laborer, was 
admitted in November, 1947, because of 
vomiting, epigastric pain and tarry stools. He 
weighed 120 pounds and was moderately 
anemic. Gastrointestinal Roentgen studies re- 
vealed a large, ragged ulcer, high on the 
lesser curvature, which suggested a gastric 
malignancy. His chest film (Fig. 2) was inter- 
preted as normal, but in retrospect did have 
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a few small hard areas suspicious of old tuber- 
culosis in the right upper lobe. A high, sub- 
total gastrectomy was performed and a be- 
nign ulcer removed. He was followed in the 
clinic for one year and did well, gaining 15 
pounds in weight. In his 18th postoperative 
month vomiting appeared, with inability to 
retain any food except liquids. Weight loss of 
15 pounds developed rapidly; cough and fever 
were noted in February, 1949, and he was 
readmitted in March. Chest film (Fig. 2) re- 
vealed extensive, bilateral, acute, tuberculous 
infection with cavitation. The sputum was 
strongly positive for tubercle bacilli and a 
marked hyperglobulinemia was present. His 
temperature and pulse were high and he ex- 
pired on the 10th hospital day. Necropsy per- 
mission was not obtainable. 


DF H-3-47 


tive for tubercle bacilli. On a regimen of bed 
rest, the lesion shrank and became less fluffy 
(Fig. 4), but his epigastric distress and gastric 
ulcer increased in severity and size. The pul- 
monary lesion was considered to be improv- 
ing, and 1 gm. of streptomycin was injected 
daily for 28 days, and a subtotal gastrectomy 
for a benign gastric ulcer was undertaken at 
the end of the first week of this therapy in 
mid-November, 1948..He returned to the 
same rest regimen that he had been on before 
operation; but could not eat well, and lost 
5 pounds. A chest film 2 months later in mid- 
January, 1949, showed that a considerable 
spread had occurred, cavitation quickly de- 
veloped and he was transferred to a tubercu- 
losis hospital. There he had several surgical 
procedures including a Schede’s thoracoplasty 


Fic. 2.—Chest films of patient D.F. (Case 2) prior to gastrectomy in December, 1947, and 
just before his death in March, 1949. 


Case 3. J.P., a 42-year-old golf course care- 
taker, was first seen in March, 1948, because 
of nervousness, alcoholism and epigastric dis- 
tress. A gastrointestinal series revealed a mod- 
erate sized ulcer on the mid-lesser curvature 
wall of the stomach. His chest film was be- 
lieved normal (Fig. 3). Ht was followed 
closely, stopped drinking and gained weight. 
He was then readmitted for treatment of 
varicose veins. The chest film (Fig. 3) in Sep- 
tember, 1948, after an interval of 5 months 
now demonstrated a soft, fluffy exudative 
lesion in the infra- and_ supraclavicular 
regions. Three gastric washings were nega- 


in March, 1950. He was discharged in Sep- 
tember, 1950, and has done well in the past 
2 years. 


Discussion.—Our 7 patients had an 
average age of 46 years, the youngest 
being 34 and the eldest 59 years. It is 
interesting that 4 had suffered from 
gastric ulcers and only 3 from duodenal, 
although 4 times as many of the latter 
had been subjected to gastrectomy in 
our hospital. All had lost weight in the 
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months prior to the onset of symptoms 
referable to their pulmonary disease. 
This loss averaged 11 pounds for the 
group. In 5 instances it began imme- 
diately after the operation, but was 
delayed in two. The “dumping syn- 
drome” was not prominent. Jones? has 
shown that approximately 15% of pa- 
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tients subjected to subtotal gastrectomy 
will develop a nutritional problem of 
real importance, with an average 
weight loss of 16 pounds. It seems 
likely, therefore, that this disturbance 
was of significance in our patients. 
Active tuberculosis prior to opera- 
tion was noted only once (Case 3) on 


Fic. 3.—Chest films of patient J.P. (Case 3) during period of preoperative observation, showing 
active tuberculosis appearing at the left apex. 


YP 
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Fic. 4.—Chest films of patient J.P. (Case 3) taken just before gastrectomy, demonstrating 
inrprovement, and the exacerbation with cavitation that appeared 2 months after operation. 
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routine Roentgen-ray interpretation. 
Healed residuals of tuberculosis were 
originally diagnosed 5 times, but care- 
ful re-examination demonstrated small 
soft lesions in 2 of these patients’ films. 
One patient had a completely normal 
chest film at the time of operation, and 
incidentally had the longest interval (2 
years) before the onset of his active 
tuberculosis, a combination that is very 
likely entirely fortuitous. The 2 patients 
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No detailed investigation of the pos- 
sible factor or factors of immunity oper- 
ating to provoke a reactivation of pul- 
monary tuberculosis was undertaken. It 
is unlikely that the anesthesia played 
any role, as the patient’s disease was 
usually activated some months after 
operation, and current thoracic surgical 
operations for tuberculosis itself have 
indicated the safety of modern anes- 
thesia in this respect. Several thousand 
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Fic. 5.—Mean total eosinophil count variations of 9 patients after gastrectomy. 


with small soft lesions prior to opera- 
tion were found to have active tubercu- 
losis within 3 months of their operation, 
and the remaining 4 with inactive- 
appearing infections became ill from 
6 to 14 months later. These meager 
data suggest that it was not the anas- 
tomosis of the gastric stump to the 
jejunum that was important, but some 
other incident secondary to the surgical 
procedure, and that the more active th> 
pulmonary infection at the time of 
operation, the earlier pulmonary symp- 
toms were likely to appear. The mor- 
tality rate of over 25% and the severe 
acute pneumonic nature of the tubercu- 
losis infection, are worthy of emphasis. 


other abdominal operations were per- 
formed at this hospital during this pe- 
riod, but tuberculosis followed only 
twice. 

ACTH and cortisone have been off- 
cially recognized by the American Tru- 
deau Society as exerting an adverse 
effect on the course of active tubercu- 
losis. The total eosinophil counts of 9 
patients before and for several days 
after gastrectomy were studied to de- 
cide whether any unusual stress phe- 
nomena were in evidence after this par- 
ticular operation. In spite of the fact 
that most of the patients were losing 
weight during this time, the eosinophil 
counts had returned to the pre-opera- 
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tive level by the third postoperative day 
(Fig. 5) and remained there. No such 
studies were made in the 7 patients 
who developed tuberculosis. No uri- 
nary corticoid studies were made, so 
we cannot assess the factor of stress and 
cortisone. 

There seems to be an effect on re- 
sistance to tuberculosis that is known 
to be associated with weight loss and 
malnutrition. Good experimental evi- 
dence of the effect of a low-protein diet 
on lowering resistance to tuberculosis 
in rats, has been demonstrated by 
Long*. Clinically the extremely high in- 
cidence of tuberculosis among _prison- 
ers of war, or internees in concentra- 
tion camps, is above that expected from 
contact alone, and supports the ancient 
observation that loss of weight as well 
as stress somehow predisposes an in- 
dividual towards tuberculosis. 

The acute, exudative nature of the 
tuberculous process should make it 
amenable to therapy with streptomycin 
and PAS. It is quite likely that we per- 
mitted our patients to attain a degree 
of infection, which made them less re- 
sponsive to chemotherapy. It seems 
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reasonable to believe, however, that if 
the physician is aware of this hazard 
and carefully follows with serial chest 
films the gastrectomized patient who is 
losing weight, he should detect such re- 
activations early and avoid the mor- 
tality and morbidity experienced by 
our patients. 

Summary.—l. Two per cent of 356 
patients, with peptic ulcer treated by 
gastrectomy subsequently developed 
active pulmonary tuberculosis. Healed 
tuberculosis was usually present before 
operation, and weight loss preceded the 
onset of pulmonary symptoms, some 
months later. The mechanism in the 
breakdown of immunity was not fur- 
ther defined. 

2. The pulmonary infection was not- 
able for its acute pneumonic nature and 
high mortality rate (25%). 

8. Recognition of this hazard with 
careful and repeated post-operative 
chest roentgenograms of the gastrec- 
tomized individual in negative nutri- 
tional balance, with healed or appar- 
ently inactive tuberculosis, should 
reduce the seriousness of this compli- 
cation. 
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Tue correlation of the histopath- 
ologic, serologic, bacteriologic and 
clinical 
b,32a,b,35,52,53,57a,b,69 has established 
syphilis of the inner ear as a definite 
entity. On the basis of histopathologic 
studies of the internal ear, some writers 
15,23,27,28,38,47,48,66 were of the opinion 
that congenital and acquired syphilis 
each produced specific lesions, while 
others!*>.4.e.f29 disagreed with this ob- 
servation. An accordance seemed to ex- 
ist on the point that there was a relation 
of the incidence of hearing impairment 
to the type of syphilis of the person 
1f,18,40a Tn spite of this fact, some au- 
thors!>.17a,c.18.19 have stressed in their 
reports that the incidence of hearing 
impairment was similar in syphilitic 
and non-syphilitic patients of the same 
age, sex and race. This divergency is 
chiefly the result of the controversy 
still prevailing in the diagnostic prob- 
lem of syphilis of the internal ear on a 
clinical basis, which of necessity is 
generally an inferential one. 


The clinical diagnosis of syphilis of 
the 8th cranial nerve has been based 
on the following criteria’ (1) loss of 
acuity for high tones and a lowered 
upper tone limit, (2) loss of acuity for 
high tones accompanied by a loss of 
middle tones or for all tones by air 
conduction and impaired bone conduc- 
tion, (3) impairment of vestibular re- 
action, (4) shortened bone conduction 
with normal air conduction, (5) vesti- 
bular paradox'f, (6) Hennebert’s fis- 
tula sign**, and (7) positive comple- 
ment fixation tests on blood and spinal 
fluid. The first three premises merely 
signify nerve involvement without des- 
ignating the etiological agent. The 
soundness and incidence of the fourth 
premise remain a disputed question 
respecting the sign being pathogno- 
monic of syphilis of the 8th nerve. The 
frequence of the occurrence of the 
fifth and sixth premises is not high 
enough to be of diagnostic significance. 
The last premise does not per se local- 
ize the syphilitic lesion to the inner 
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ear. On the basis of the foregoing, it 
is apparent that there is considerable 
dispute regarding the incidence of 
syphilitic infection of the 8th cranial 
nervell.18,19 13b,40a,53,73 

A survey of the current literature 
indicates that notable progress has 
been achieved in syphilotherapy since 
penicillin has practically supplanted 
chemotherapy”°*®. In contrast, a re- 
view of the recent literature impresses 
one with the paucity of material on 
syphilis of the ear. Cognizant of this 
fact, we felt that the time was ripe 
for a re-evaluation of the subject. The 
chief purpose was to determine in a 
clinical and statistical manner the va- 
lidity of the prevailing well-entrenched 
concepts since the introduction of peni- 
cillin therapy, and to evaluate the ef- 
ficacy of penicillin-therapy respecting 
its prophylactic and therapeutic use- 
fulness in aural syphilis. 

SELECTION OF PATIENTS. Fully aware 
of the foregoing views, our principal 
concern was to collect a sufficiently 
large group of patients who, in spite 
of a severe and strict screening, would 
meet specified criteria of diagnostic 
definition. With this aim in mind, we 
undertook a comprehensive study of 
310 consecutive patients (Table 1) 
with an established diagnosis of syph- 
ilis, comprised of random samplings 
of each type of syphilis of both sexes 
in each age group. The type of syphilis 
was diagnosed by syphilologists. Those 
with hearing loss prior to acquisition 
of syphilis were excluded from the 
study. The higher incidence of males 
and colored patients was due _ to 
chance. 

PROCEDURE. Four patients with early 
congenital syphilis were considered 
separately, reducing the series to 306 
patients. The hearing acuity of the lat- 
ter was evaluated by voice tests, Edel- 
mann weighted steel forks and ADC 
audiometer 50E2. Forks C to c® were 


used to determine the high and low 
limits. Masking was applied for the 
audiogram, bone conduction, and when 
indicated, for air conduction. The ves- 
tibular mechanism was evaluated by 
rotation and minimal stimulation, when 
indicated by maximum caloric and 
galvanic stimulation, and by spontan- 
eous symptoms and signs. Each patient 
received a complete otorhinolaryn- 
gological examination. 

Of this group, 17 patients with con- 
ductive hearing loss were eliminated 
from the hearing tabulations. The ap- 
plication of this rule, reduced the total 
to 289 patients for hearing analysis. In 
Table 2, a composite of the different 
hearing groups as found in the different 
types of syphilis is shown allocated in 
accordance with age, sex and color of 
the patient. The poorer ear was used 
for classification whenever a marked 
difference in hearing existed for two 
ears. 

In each type of syphilis, the hearing 
acuity of the patient was classified in 
conformity with the pattern of the 
audiogram into 3 main groups*1%:b.1%a 
(Table 3): normal, excessive high 
tone loss, and subnormal. The normal 
hearing group was divided into sub- 
groups A and B on the basis of the 
following criteria: Sub-group con- 
sisted of patients with audiogram, range 
to voice and fork tests, and bone con- 
duction normal; Sub-group B included 
patients essentially identical except for 
impaired bone-conduction (g', c?, and 
g? forks). The group of excessive high 
tone loss was also broken up into sub- 
groups A and B on the basis of the fol- 
lowing requirements: Sub-group A 
comprised of patients with range to 
voice and bone conduction normal but 
the high limits by fork (c®) and audio- 
meter were lowered; Sub-group B con- 
sisted of patients essentially alike ex- 
cept for shortened bone conduction. 
The subnormal group embraced the 


N 
+ 


OTO-RHINO-LARYNGOLO( 


608 
LOL 


8I 
89 
8F 
99 
cv 
61 
0] 


SL oF 
9 Gl 
0 
0 oO 
di 
pa1ojo,) 


él 
Ol 
| 
0 O 
0 O 
dW 
M 


suprydfisoina 


03 OF 
OL 
9 6 
¢ 
¢ 68 
0 O 
0 
d 


paso]o, ) 


— 


av] 


9% ; 12 I soley 
L I I 
1 9 1 0 63 91 ol ¢ 0 0  ‘IVLOY, 
0 O 0 0 0 0 0 0 0 0 0 oO 0 0 0 0 69-19 
0 0 0 0 0 0 0 0 0 0 0 0 09-19 
0 0 0 0 0 O 0 0 0 
0 0 0 0 0 0 tt 0 0 0 
Il 6&1 0 I @ 0 0 I 8 0 0 0 
¢ 8 0 0 I 0 0 0 Al It L 6 0 0 0 0 06-IT 
0 0 0 Il 0O & O 0 
Af pa4ojo,) M pa4o7o, ayy pa4o]o, ) M 


pa4ojo;) 


quay] 


popuabuo,) pojiuahuoy 


fo adh J, 


SITIHdAS AO AMAL AGNV ‘HOTOO “ADV OL DNIGHOOOV SLNALLVd AO 


n 
f 

1 
0 


n 
: ( 
y 
d | 
| 
( 
corn 
n 
t | 
| | 
n | 
a 
h 
| 
| 
- | 
e 
h | 
\ 
| 
t | 
| 
| 
e 


“4 


SCIE 


DICAL 


4 


ME 


OF 


Ss 


RES 


x 


PROC 


30 


‘ 


— 


dnoiy ssoy auoy, LH 
ol OL 96 OL ¢ 9 OF 
0 0 0 I 0 0 0 0 0 0 0 0 
} 0 I 0 0 0 I 0 
0 0 } 0 0 0 0 0 t 0 0 0 
6 I é Il 9 0 & I 9 0 6 I 
I 6 é I I é 0 0 t 0 0 0 
¢ 8 ¢ 9 ¢ if 9 0 @ 
0 H 6 I é 0 I 0 ¥ 0 0 I 
I 6 L > 0 I 0 I [I 0 0 I 
0 0 9 I I 0 0 I & 0 0 0 
I 0 & 0 0 I 0 I L 0 I 6 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
S JHA N DHA N S JHA N 
pa4oj0,) au YUM pa4o]jo; ) ay 


dnoiy 


0 ¢ ¢ 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 I 0 0 
0 0 I 0 0 I 0 0 
0 0 0 0 I 0 0 0 
0 I ; 0 0 I I 0 
I 0 Ol 0 0 0 0 0 
0 $I 0 0 0 
I 0 g 0 0 0 I 0 
0 0 6 0 0 0 é 0 
0 0 0 0 0 0 l 0 
0 0 0 0 0 0 0 0 


LHA N 


S JHA N 


M 


paso7o; ) 


pa4ojo; ) 


ponuabuoy 


S 

& 6 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 I 0 0 
0 0 0 0 
0 0 0 0 
0 0 I 0 
I I 0 0 
6 0 0 
9I 0 I 9 
6 I I 0 
6 0 0 I 
6 0 0 0 


LHA N 


apt Y, 


IVLOY, 
a \ 
W J 69-19 
| 
09-I1¢ 
| q 
W  0g-It 
| 
W OF-IE 
d 
W J 
a | 
W OI-0 
dnoiyy 
aby 


AO AMAL GNV “ADV OL DNIGHOOOV SdNOUD ONIUVAH AO ATAVL 


| 
| 
| 
R 
| & 
2 
| 
| 


OTO-RHINO-LARYNGOLOGY 431 


patients with a narrowed range to 
voice, forks, and audiometric tests as- 
sociated with an impaired bone con- 
duction. 

SYMPTOMATOLOGY. Impairment of 
Hearing. Numerous reports'£6-16.27,32a, 
b,89,52,.53 have appeared in the literature 
describing its modes of onset and se- 
quences. In our study, 26 patients com- 
plained of bilateral loss of hearing 
which ranged from marked to pro- 
found. In 4, the loss proved to be con- 
ductive in nature, and the total was 
reduced to 22 patients distributed as 
follows: sudden onset occurred in 2 


ent, only 3 with acute syphilitic menin- 
gitis were inconvenienced by _ this 
symptom. All had a subjective and/or 
objective hearing loss except for two. 
Vestibular symptoms are not common, 
because the involvement is sufficiently 
dilatory for compensation to develop. 

Discharge. Purulent discharge was 
noted in 5 patients with a concomitant 
otitis media. 

Pain. Only 1 patient had a mild otal- 
gia. Moos and Steinbrugge®? were of 
the opinion that there was some sensa- 
tion of pain due to periostal growth in 
the labyrinth. 


TABLE 8.—DISTRIBUTION OF THE HEARING GROUPS ACCORDING TO THE 
TYPE OF SYPHILIS 


Normal Hearing Group 


Excessive High Tone 


Loss Group 


— 


Subgroup Subgroup 
Type of Syphilis A B 
Late Congenital 45 3 
Early Latent 37 2 
Late Latent 49 6 
Neurosyphilis 38 7 
Tora. 169 18 


* 5 cases diminished to voice tests. 


late congenital syphilitics and 4 neuro- 
syphilitics (3 acute syphilitic meningi- 
tis and 1 tabetic); and gradual onset in 
3 late congenital syphilitics, 3 late 
latent syphilitics and 10 neurosyphili- 
tics. In 17 patients, the hearing loss 
preceded treatment; in 3, it occurred 
years after inadequate treatment; and 
in 2 the onset was gradual after the 
completion of adequate treatment. 

Tinnitus. We noted 39 patients with 
tinnitus, which measured from mild 
to disconcerting, and was bilateral ex- 
cept in 2. One with conductive impair- 
ment and 3 cardiac patients were elim- 
inated. Of the 35 remaining patients, 
all presented some degree of hearing 
loss. 

Vertigo. Of the 21 patients complain- 
ing of dizziness in the past or at pres- 


Subnormal 
Subgroup Subgroup Hearing 

A B Group Total 
0 3 8 59 
3 3 2 47 
3 8 8 74 
8 18* 38 109 

14 32 56 289 


In spite of the care we exercised in 
taking the histories, we were impressed 
with the paucity and mildness of the 
volunteered information. With the aid 
of non-suggestive questions, additional 
information was obtained. 

Clinical Analysis of Case Material. 
A. ANALYSIS OF HEARING IMPAIRMENT. 
1. General Incidence in Syphilis. In 
spite of the fact that syphilitic infec- 
tion of the 8th cranial nerve is a well- 
known manifestation, Ciocco!™** Bunch 
18 and Crowe, Guild and Polvogt?® 
reported that the acuity of hearing im- 
pairment is essentially similar in syph- 
ilitics and non-syphilitics of the same 
sex and age. In fact, they did not find 
syphilis responsible for auditory nerve 
involvement more often than any other 
general systemic disease. Of 286 syphi- 
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litic patients evaluated by Ciocco and 
Weinstein'*, 136, or 47%, presented 
nerve impairment. On this basis, they 
stated, “It is highly improbable that 
this represents an effect of age on hear- 
ing entirely independent of syphilis.” In 
our series, 102 patients out of 289, or 
35%, revealed nerve involvement (Table 
2). We are of the opinion that the gen- 
eral incidence of hearing impairment 
in syphilitic persons is higher than in 
those without the disease. 

2. Incidence in Different Types of 
Syphilis. The distribution was as fol- 
lows (Table 3): 18% in late congenital 
syphilis; 17% in early latent syphilis, 
25% in late latent syphilis; and 59% in 
neurosyphilis. In the latter form, symp- 
tomatic neurosyphilis accounted for 


TABLE 4. 


Normal Hearing Group 


Subgroup 


Type of Subgroup 
Neurosyphilis 
Asymptomatic 30 4 
Tabes Dorsalis 5 I 
Paresis 2 I 
Taboparesis I 0 
Acute Syphilitic 0 0 
Meningitis 
Primary Optic 0 1 
Atrophy 
ToTaL 38 7 


78% of the hearing defect (Table 4). 
The incidence in asymptomatic neuro- 
syphilis was 29%, in acute syphilitic 
meningitis 100%, in tabes 84%, in tabo- 
paresis 80%, and in paresis 78% (Table 
4). According to Ciocco and Wein- 
stein'®, the distribution was as follows: 
62% in congenital syphilis; 31% in early 
syphilis; 33% in late syphilis; and 64% 
in neurosyphilis. The discrepancy is 
most probably due to the fact that 
their material was not random samp- 
lings. 

Our findings conform to those of 
previous investigators!f-4% jin that the 
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incidence of impaired hearing is high- 
est in neurosyphilis, especially the 
symptomatic form, distantly followed 
by late latent, late congenital and early 
latent syphilis. Furthermore, it is of 
interest to note that the subnormal 
hearing group exceeded the excessive 
high tone loss group in late congenital 
syphilis, while the reverse held in early 
latent syphilis. In the late latent type, 
the subnormal hearing group com- 
menced to gain in frequency and ul- 
timately surpassed the excessive high 
tone loss group neurosyphilis 
(Table 3). 

3. Incidence in Age Groups. As an- 
the hear- 
ing impairment increased with each 
succeeding decade except for the last 


ANALYSIS OF NEUROSYPHILITICS ACCORDING TO HEARING GROUPS 


Excessive High Tone 
Loss Group 


Subnormal 


Subgroup Subgroup Hearing 
y Group Total 
5 2 7 48 
3 8 21 38 
0 6 5 14 
0 2 2 5 
0 0 3 3 
0 0 0 1 
8 18 38 109 
one which probably occurred by 


chance (Table 5). Of the impaired 
hearing group, 66% were above the age 
of 51 years in spite of the fact that 80% 
of our series were above the same age. 
In the series of Ciocco and Weinstein’’, 
73% of the impaired hearing group were 
above the age of 50 years although 77% 
of the patients examined were above 
this age. Ciocco!™* and Bunch!*b> 
were of the opinion that the age period 
was the main factor responsible for 
the hearing defect entirely independ- 
ent of syphilis. 

Wary of the fact that the auditory 
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nerve is vulnerable to many agents, we 
made an effort to eliminate any other 
conceivable cause of nerve impair- 
ment. The incidence appears to us too 
high to represent the usual table of 
expectancy. Furthermore, the vesti- 
bules in many patients were concomit- 
antly involved. In our opinion, the 
findings indicate that something more 
than casual factors had influenced the 
end results. 


TABLE 5. 
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above 2048 d.v. Here we found the 
incidence in the white female prac- 
tically double that of the colored 
male. The contention that persons of 
the colored race become infected 
at an earlier age and will, therefore, 
develop hearing impairment at a 
younger age than a white individual, 
was not borne out by our data. Ac- 
cording to Stokes®*, the incidence of 
hearing impairment in _ congenital 


HEARING GROUPS DISTRIBUTED ACCORDING TO AGE GROUP 


Excessive High Tone 

Normal Hearing Group Loss Group 

Subnormal 

Subgroup Subgroup Subgroup Subgroup Hearing 

Age Group A B A B Group Total 
0-10 12 0 0 0 1 13 

11-20 37 1 0 2 5 45 
21-30 46 6 4 4 4 64 
31-40 30 1 1 8 7 47 
41—50 27 5 7 10 14 63 
51-60 11 4 Q 8 16 41 
61-69 6 1 0 0 9 16 
ToTaL 169 18 14 32 56 289 
TABLE 6.—RELATIONSHIP OF HEARING IMPAIRMENT TO SEX, COLOR, 


AND TYPE OF SYPHILIS 


White Colored 
Type of Syphilis Male Female Male Female Total 
Late Congenital 3 3 3 2 1] 
Early Congenital 2 1 3 2 8 
Late Latent 8 0 9 2 19 
Neurosyphilis 34 8 18 4 64 
TorTaL 47 12 33 10 102 


4. Incidence in Relation to Sex and 
Color of Patient. Hearing impairment 
occurred in 80 (42%) males, in 22 
(22%) females, in 59 (62%) white pa- 
tients, in 43 (22%) colored patients, 
in 47 (66%) white males, in 12 (52%) 
white females, in 33 (28%) colored 
males, and in 10 (13%) colored fe- 
males (Table 6). 

Investigations!*:17@ have shown that 
with advancing age the male had 
a greater loss of acuity for frequencies 


syphilis was higher in the male. In our 
series of congenital syphilis, both sexes 
were about equal. 

Our findings can best be explained 
on the basis of Moore’s®!» observations: 
“Among white males the incidence of 
clinical neurosyphilis alone is greater 
than the incidence of both asympto- 
matic and clinical neurosyphilis in 
white females. Negro males fare appre- 
ciably better than white females, while 
among the Negro females clinical 
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neurosyphilis is relatively uncommon, 
and the total incidence of neurosyph- 
ilis is much smaller than in any other 
three groups’. 

5. Incidence of Dips at 4096 dv. 
Drury”> reported that syphilitic pa- 
tients with an involvement of the audi- 
tory nerve tended to show a “dipper 
curve gap’ at 4096 d.v. Whenever the 
dip was greater than 30 db., he sus- 
pected syphilis as the cause. Ciocco!™*« 
found an equal frequency of this dip 
in non-syphilitics and regarded it as 
the initial indication of nerve degen- 


TABLE 7. 


Rinne + 


Excessive 
High Tone 


Loss Group 


Normal 
Hearing Group 


A— 


— 


Sub- 


Sub- Sub- Sub- 
Type of group group group group 
Syphilis A B A B 
Late Congenital 45 3 0 3 
Early Latent 37 Q2 3 3 
Late Latent 49 6 3 8 
Neurosyphilis 38 9 8 18 
Tora 169 20 14 32 
Type of strong posi- posi- moder- 
response posi- tive tive ate 
tive short- 
ened 


positive 


eration which eventually included all 
the high tones. We encountered the 
following dips: 4096 in 10 patients, 
2896 in 4 patients, 5792 in 3, and 8192 
in 1. In 6 patients, hypoactive vestibules 
and impaired bone conduction were 
concomitant with 4096 dip, and in one 
each with 2896 and 5792 dips. The 
8192 dip was associated with impaired 
bone conduction. Consequently, we 
can infer that dips occur in syphilitic 
infection of the auditory nerve but 
cannot imply that this relationship is 
limited to a single definite and char- 
acteristic dip. 

6. Rinne Test. The Rinne test of 306 
patients was evaluated with g! and c? 


MEDICAL 


SCIENCE 


tuning forks by determining the ratio 
of the duration of air and bone con- 
duction. (Table 7). This ratio was 
expressed in descriptive terms sug- 
gested by Lederer*!. The 3 patients in 
the subnormal hearing group with 
negative Rinne were included in our 
hearing tables because each had short- 
ening of bone conduction and hypo- 
active vestibules. The response was 
the result of a combined effect of a 
middle and inner ear involvement. 
Mayer and Fraser*® stated that a neg- 
ative Rinne can result from ankylosis 


COMPOSITE OF RINNE TEST 


Rinne— 
Rinne « — 
Sub- Conduc- Sub- Sub- 
normal tive normal normal 
Hearing Hearing Hearing Hearing 
Group Loss Group Group Total 
4 ] 0 4 60 
] g 1 0 49 
7 6 0 1 80 
28 8 Q 4 115 
40 17 3 9 804 
much 
short- 
ened 


positive 


of the ossicles to each other or to the 
adjacent bone. (No stapedial fixation 
was found). 

7. Bone Conduction. The Schwa- 
bach test was determined by repeated 
trials with the audiometer and g}, c? 
and g? tuning forks with masking. All 
patients were tested by one of us 
(P.I.) whose bone conduction is nor- 
mal and some were evaluated by both 
of us. Whenever a discrepancy occur- 
red between the audiometric and tun- 
ing forks determinations, we elected 
to accept the result of the latter. In 
patients over 50 years of age, we were 
most liberal in our allowance for the 
expected natural loss. 
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The distribution of the results of 
this procedure is given according to 
the type of syphilis in Tables 3 and 4; 
to the hearing groups and to the age 
groups in Table 5. Seventeen patients 
with conductive hearing loss had in- 
creased bone conduction. Of the 289 
non-conductive cases, the bone conduc- 
tion was normal in 183, and impaired 
in 106. As one would expect, the short- 
ened bone conduction assumed an 
identical pattern as the hearing defect 
in its relationship to type of syphilis 
and age group. 

8. Disproportionate Shortening of 
Bone Conduction. The phenomenon of 
shortened bone conduction concomitant 
with normal hearing by air conduction 
was first reported by Wanner® and 
later by others!©5».11,34,40b,56,68,70 Tt was 
observed in several diseases and head 
injuries. As the result of Beck’s®» in- 
fluence it was accepted by the majority 
as pathognomonic of syphilis. Re- 
ported incidence varied from 2 to 95%. 
Ciocco'*> was of the opinion that this 
phenomenon occurred as often in non- 
syphilitics of the same age period. In 
our series, we encountered 18 patients 
with shortened bone conduction con- 
comitant with normal hearing by air 
conduction. Its distribution as to type 
of syphilis is given in Tables 3 and 4; 
and as to age groups and _ hearing 
groups in Table 5. It appeared in all 
forms of syphilis and in each decade 
except the first one. According to our 
data, the incidence was 5.9%. Further- 
more, in 13 (72%) instances it occurred 
in patients above 50 years of age. This 
incident, in our opinion, is less apt to 
occur in non-syphilitics of the same 
period. We concur with Drury?® that 
shortening of bone conduction com- 
menced at an earlier age in persons 
with a syphilitic involvement of the 
auditory nerve than in those who do 
not show evidence of this disease. 


B. ANALYSIS OF VESTIBULAR IMPAIR- 
MENT. Observance of the same tech- 
nique was maintained by one of us 
(P.I.) and when necessary, repeated 
trials were evaluated by both of us. 
Unless a labyrinth convinced us of a 
marked degree of excitability loss, it 
was included in the normal category. 

1. General Incidence in Syphilis. The 
vestibular mechanism of 306 patients 
was evaluated, and of these, 47, or 15% 
presented impaired vestibules (Table 
8). Except for 2 patients, the involve- 
ment was bilateral. According to 
Ciocco and Weinstein’, of 119 syph- 
ilitics tested, 31, or 26% had abnormal 
vestibules. The higher incidence found 
by them was probably due to the fact 
that their material was not random 
samplings. In fact, their results are 
even more impressive that vestibular 
impairment occurs more frequently in 
syphilitic persons than in those free of 
the infection. 

2. Incidence in Different Types of 
Syphilis. The distribution was as fol- 
lows: 9% in late congenital syphilis, 
5% in early latent syphilis, 17% in late 
latent syphilis, and 26% in neurosyph- 
ilis (Table 8). In the latter form, 
symptomatic neurosyphilis re- 
sponsible for 85% of the impaired 
vestibules. The incidence in asympto- 
matic neurosyphilis was 8%; in acute 
syphilitic meningitis 100%, in tabes 
37%, in taboparesis 40%, and in paresis 
36% (Table 9). Thus, the patterns of 
the incidence of impaired hearing and 
vestibular dysfunction in their rela- 
tionship to the different forms of syph- 
ilis are very similar. 

An analysis of the abnormal vestibu- 
lar responses in the various types of 
syphilis is given in Table 11. The non- 
functioning vestibules in 3 late con- 
genitals responded to galvanic stimu- 
lation while in the neurosyphilitic no 
response was elicited. 
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3. Incidence in Age Groups. As ob- 
served with the hearing impairment, 
the incidence occurred in all decades 
and showed an increase in each suc- 
ceeding decade, except for the last one 
which probably occurred by chance. 
In our series, 80% of the patients were 
above the age of 51 years. Among the 
group with impaired vestibules, 27 pa- 
tients, or 57%, were above the same 


age (Table 10). 


TABLE 8.—ABNORMAL VESTIBULAR 


TYPE 


Normal Hearing Group 


Subgroup Subgroup 
Type of Syphilis A B 
Late Congenital 0 0 
Early Latent 0 0 
Late Latent 1 1 
Neurosyphilis 0 0 
ToTaL 1 


TABLE 9.—INCIDENCE OF 


Type of 
Neurosyphilis Normal 
Asymptomatic 44 
Tabes Dorsalis 24 
Paresis 9 
Taboparesis 3 
Acute Syphilitic 0 
Meningitis 
Primary Optic 1 
Atrophy 
ToTaL 81 


4. Incidence in Relation to Sex and 
Color. Our findings were approxi- 
mately the same as noted with the 
hearing impairment. 

5. Incidence to Dips. This has been 
discussed under analysis of hearing 
impairment. 

6. Relationship to Hearing Groups. 
The impaired vestibules were found in 
35 (62%) patients, out of 56, with sub- 
normal hearing, in 10 (22%) patients 
out of 46, with excessive high tone loss; 
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Vestibules 
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and in 2 (1%) patients, out of 187, with 
normal hearing (Tables 8 and 9). 

7. Relationship to Bone Conduction. 
An abnormal vestibule was found in 
one patient with normal hearing asso- 
ciated with disproportionate shorten- 
ing of bone conduction. In 2 patients 
with normal bone conduction, the 
vestibules were impaired. The audio- 
gram was normal in one of the latter 
patients (Table 8). 


RESPONSES DISTRIBUTED ACCORDING TO 
SYPHILIS 


Excessive High Tone 
Loss Group 


- Subnormal 
Subgroup Subgroup Hearing 
A B Group Total 

0 0 5 5 
0 Q 
1 3 6 12 
0 5 23 28 
1 9 35 47 


IN NEUROSYPHILIS 


Abnormal Total 
4 48 
14 38 
5 14 
2 5 
$ 3 
0 1 
28 109 


8. Vestibular Paradox. We encoun- 
tered 6 patients (3 late congenital 
syphilitics and 3 neurosyphilitics) in 
whom the vestibular responses were 
decreased to the caloric and not elic- 
ited to the rotation stimulation. 

9. Hennebert’s Fistula Sign. Hutchi- 
son’s triad was found in 2 patients but 
we failed to detect a single fistula re- 
sponse in this group. 

C. LABORATORY FINDINGS. Serologic 
Reactions. In our series, the diagnosis 
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of syphilis was originally established 
on the basis of positive serologic find- 
ings and clinical evidence. As the re- 
sult of specific therapy received prior 
to our study, the reversal of the pos- 
itive serologic test to negative occurred 
in a large number of patients. We 
noted the serologic reactions as fol- 
lows: positive in 187 patients, negative 
in 117, and doubtful in 2. The positive 
reactions were distributed in the differ- 
ent forms of syphilis as follows: 38, 
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these, 113 (43%) showed evidence of 
serologic abnormality, and 8 (neuro- 
syphilitics) had shown serologic ab- 
normality on previous occasions prior 
to our study. The abnormal fluids were 
distributed in the various types of 
syphilis as follows: 4 of 36 late con- 
genital syphilitics examined, 109 of 
117 neurosyphilitics examined, and 
none among 46 early and 64 late la- 
tents examined. 

In relation to the type of hearing, 


IMPAIRED VESTIBULES DISTRIBUTED ACCORDING TO AGE GROUPS 


Type of Syphilis 


Late 


Early 

Age Group Congenital Latent 
0-10 1 0 
11-20 2 0 
21-30 0 2 
31-40 1 0 
41-50 1 0 
51-60 0 0 
61- 0 0 
Tora. 5 2 


Late Neuro- 
Latent Syphilis Total 
0 0 1 
0 ] 3 
1 2 5 
1 4 6 
4+ 7 12 
4 12 16 
2 2 4 
12 28 47 


TABLE 11.—ANALYSIS OF ABNORMAL VESTIBULAR RESPONSES IN THE 
VARIOUS TYPES OF SYPHILIS 


No Response to Rotation 


Decrease to Caloric 


Bilateral & Decreased to 


Bilateral 


& Rotation 


A No Response 


- Caloric *Caloric to Caloric Galvanic 
Type of Syphilis Bilateral Unilateral Bilateral Unilateral & Rotation Response Total 
Late Congenital 1 0 1 2 1 3+ 5 
Early Latent 2 0 0 0 0 0 2 
Late Latent 12 0 0 0 0 0 12 
Neurosyphilis 22 2 3 0 1 | 28 
Tora. 37 2 + 2 2 3+ &1- 47 


* In this group, the opposite vestibule did not respond to caloric stimulation. 


or 69%, out of 60 latent congenital 
syphilitics; 27, or 55%, out of 49 early 
latent syphilitics; 48, or 66%, out of 80 
late latent syphilitics, and 74, or 63% 
out of 117 neurosyphilitics. As a gen- 
eral rule, the positive serologic reaction 
is apt to be found in late congenital 
syphilis rather than in the late acquired 
forms. 

Cerebrospinal Fluid. The spinal fluid 
was examined in 263 patients, and of 


the abnormal fluids occurred as fol- 
lows: 47 (2 juvenile paretics and 45 
neurosyphilitics) or 28%, out of 165 
with normal hearing tested; 23 (1 ju- 
venile paretic and 22 neurosyphilitics ) 
or 51%, out of 45 with excessive high 
tone loss tested; and 36 (1 juvenile 
paretic and 35 neurosyphilitics) or 67%, 
out of 54 with subnormal hearing 
tested. Seven neurosyphilitics with a 
conduction loss had abnormal fluids 
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As a general rule, fluid abnormalities 
are more apt to be found in the late 
acquired forms than in congenital 
syphilis. 

Comment. The existence of a syph- 
ilitic infection of the internal ear has 
been established beyond reasonable 
doubt by a correlation of the clinico- 
histopathologic studies and laboratory 
findings. Thus, the knowledge of this 
potentiality may aid to reach a tenta- 
tive diagnosis. Nevertheless, it does 
not necessarily establish it unequivo- 
cally, even in the presence of a positive 
serologic reaction and abnormal spinal 
fluid. This is an obvious fact since we 
are concerned with a chronic process 
which rarely proves fatal within a short 
span. In consequence of this, our re- 
liance in the clinical realm, therefore, 
must perforce be on the basis of sta- 
tistical data fortified by the awareness 
of such a contingency. 

On the basis of our findings, 102 pa- 
tients (35%), out of 289, revealed audi- 
tory nerve involvement. A similar in- 
cidence in people without syphilis 
would certainly not be _ plausible. 
Among the 289 patients, 47 (16%) pre- 
sented abnormal vestibular responses, 
and of these, only 2 patients had nor- 
mal hearing. The bone conduction was 
normal in 2 patients with vestibular 
impairment, and one of these had an 
excessive high tone loss. Furthermore, 
among the 47 patients with impaired 
vestibules, decreased hearing and 
shortened bone conduction concomi- 
tant with positive serologic reaction and 
abnormal spinal fluid occurred in 44, 
or 93%. Therefore, syphilis, in our 
opinion, does involve the auditory 
nerve more frequently than any other 
general systemic disease. 

Our findings conform to those of pre- 
vious jn that 
the incidence of impaired hearing bears 
a relationship to the type of syphilis of 
the person. Furthermore, this is sub- 
stantiated by the fact that the vestibu- 
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lar and bone conduction impairment 
assumed a similar pattern as the hear- 
ing defect in its relationship to the 
type of syphilis. 

Further, it is of interest to note that 
we elicited a response from the non- 
functioning vestibules of 3 late con- 
genital syphilitics to galvanic stimula- 
tion. In spite of repeated attempts, no 
response was elicited from the non- 
functioning vestibules of a neurosyph- 
ilitic to galvanic stimulation. This sig- 
nifies that the retrolabyrinthine part of 
the auditory neural mechanism was 
viable. On this basis, it would be in- 
dicative that the lesion in late con- 
genital syphilis was localized to the 
labyrinth, while in the acquired form 
it was a_ retrolabyrinthine involve- 
ment regardless of whether the laby- 
rinth was also included. 

We did find the impaired vestibules 
largely occurring concomitantly with 
subnormal hearing in both forms of 
syphilis. Yet, one must take cognizance 
of the fact that a large percentage in 
the acquired class presented only 
cochlear involvement. In this class, 
presumably, the pathological process 
originated in the peripheral portion of 
the auditory nerve affecting the coch- 
lear division as manifested during the 
initial phase by shortening of bone 
conduction with or without excessive 
high tone loss. Later, gradual pro- 
gressive involvement of the nerve 
brought on a drop in the other tones. 
This process obviously did not conform 
to any specific pattern because pa- 
tients showed different dips in their 
audiograms as noted by us and others. 

The vestibular division, as a general 
rule, was a late victim. However, on 
3 occasions, it did become involved 
in the early stage. In one patient, the 
vestibules were impaired, though the 
hearing and bone conduction were nor- 
mal. In the later phases, apparently, 
the labyrinth became involved in a 
certain number of patients giving rise 
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to neurolabyrinthitis. It was most ob- 
vious that as the hearing impairment 
became more marked, the vestibular 
responses showed diminished reaction. 

Our results failed to convince us 
that age was the sole clinical factor 
responsible for the hearing and bone 
conduction impairment, entirely inde- 
pendent of syphilis. One should real- 
ize that the syphilitic lesion, as a gen- 
eral rule, is by nature a slow progres- 
sive action. One is, therefore, sub- 
jected to the effect of age concurrently 
with the increasing magnitude of the 
syphilitic degeneration. In consequence 
of this, the manifestations are more 
apparent and greater as the decades 
pass by. 

Lederer*! and 
51b,54,58,59,60,62,65a,72 reported that the 
age of onset of nerve impairment in 
late congenital syphilis is well beyond 
the period for such a child to become 
a mute. This fact was borne out in our 
series. Not one late congenital syphi- 
litic was a mute. The earliest onset of 
nerve involvement was at the age of 
6 years. 

According to our data, the incidence 
of syphilitic hearing impairment in 
relationship to sex and race depended 
chiefly upon the susceptibility of the 
individual to neurosyphilis. 

Some have reported that often short- 
ening of bone conduction was the first 
sign to be detected in syphilitic nerve 
involvement!<f5>.45, The incidence of 
disproportionate shortening of bone 
eonduction was not sufficiently sig- 
nificant to be labeled ‘pathognomonic 
of syphilis’. However, it was of great 
importance in determining whether 
the auditory nerve in a syphilitic was 
becoming involved. 

The incidence of vestibular paradox 
in our series was much too small for 
comment on its value in evaluating 
an inner ear impairment in a syphilitic 
person. As for Hennebert’s fistula sign, 
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we did not encounter a single instance 
in this group. 

The involvement of the auditory 
nerve in a syphilitic person has been 
considered by some observers®® as 
evidence of syphilis of the central ner- 
vous system, that is, symptomatic 
neurosyphilis. A discussion of this con- 
troversial issue is absurd if the hearing 
impairment in a syphilitic is considered 
to originate from other factors abso- 
lutely independent of syphilis. 

According to our data, 70% of all 
hearing impairment in acquired syph- 
ilis occurred in established neurosyph- 
ilitics. Furthermore, according to 
Moore®!», “Invasion of the nervous 
system by the treponema probably oc- 
curs in all patients with syphilis”. In 
this connection, the fact that on many 
occasions the interpretation between 
late latent and neurosyphilis is a bor- 
derline affair should assume some sig- 
nificance. The difficulty arises on an 
arbitrary basis because so-called nor- 
mal values in spinal fluid are on a 
variable standard. 

On the foregoing basis, it is our con- 
tention that syphilitic involvement of 
the auditory nerve should be classified 
as symptomatic neurosyphilis even in 
the presence of normal spinal fluid. 
It is a noted fact that some patients 
with an abnormal spinal fluid event- 
ually fall into the ‘burnt-out’ type. In 
others, the invasion probably was lim- 
ited to a localized involvement of the 
8th nerve without any reflection in the 
spinal fluid. 

On the basis of the over-all picture, 
it is apparent that syphilis is not a 
frequent cause of either conduction or 
nerve impairment. This is an obvious 
deduction on the basis of the relative 
frequency of syphilis. However, in 
syphilitic persons the circumstances 
assume a different aspect since 25% of 
them develop neurosyphilis (Moore)*?». 
Of these, 60% of them, in our series, 
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acquired a hearing impairment. For- 
tunately, with the present regimen of 
therapy, the incidence has been re- 
duced to between 2 and 5% showing 
evidence of central nervous system in- 
vasion. So, perhaps, neurosyphilis with 
its consequences will shortly decline to 
an insignificant level. 

EARLY CONGENITAL SYPHILIS. Probably 
one of the outstanding and most satis- 
fying results of penicillin has been the 
almost 100% effectiveness in its pre- 
vention of prenatal syphilis. Despite 
this blessing, we encountered 4 pa- 
tients whose ages ranged from 8 weeks 
to 10 months and consisted of 1 male 
and 3 females. The presence of hear- 
ing was established qualitatively in 
each infant. The vestibular responses 
were normal to rotation and caloric 
stimulation. All were born with posi- 
tive serologic reactions. In 3 of these, 
the reaction became normal with peni- 
cillin therapy, and the fourth infant 
had not yet received treatment. One 
spinal fluid was examined, and it was 
normal. 

It would be presumptuous to offer 
our comment on this small number. 
However, the general impression is 
that it is rare to find a hearing loss in 
this group, and whenever it does oc- 
cur, the onset is rapid and the effects 
devastating. 

DIAGNOSIS. When confronted with a 
classical picture, especially between 
the period of late childhood and early 
adult life, syphilis may be assumed to 
be the probable cause. The presence 
of late stigmata is of considerable aid. 
A unilateral involvement should not 
be ignored, since it occasionally oc- 
curs. Much to our embarrassment, the 
usual case encountered is of insidious 
onset, which may not result in sub- 
jective symptoms for years. 

Firstly, we must satisfy ourselves 
that we are dealing with a syphilitic 
person. A detailed family and personal 
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history may be of great help to ex- 
clude other factors which might be re- 
sponsible for the symptoms. The oto- 
rhinolaryngological examination should 
be thorough and include the cochlear 
and vestibular tests. Any granulation 
tissue should be biopsied and an at- 
tempt should be made to demonstrate 
the spirochete in an exudate by the 
Levaditi silver nitrate stain. If the lat- 
ter two procedures fail to reveal any 
specificity, then despite all our efforts, 
the summation of the findings will 
simply confirm the presence of 8th 
nerve involvement in a syphilitic. As 
a consequence of this, the diagnosis is 
usually of necessity an inferential one, 
because it is based on clinical and 
laboratory evidence. Therefore, a care- 
ful differential diagnosis is indispens- 
able. The disorder must be differenti- 
ated from all other diseases which may 
involve the labyrinth, auditory nerve, 
or the centers in the brain stem. This 
point is well-exemplified in a prior 
study by one of us (M. J. T.). 

PENICILLIN THERAPY. Prior to the era 
of penicillin, 
6° on the efficacy of antisyphilitic ther- 
apy on inner ear lesions were controver- 
sial. Later, investigators!**!» concluded 
from audiometric studies that antisyph- 
ilitic treatment was neither beneficial 
nor detrimental except in acute men- 
ingeal neurosyphilis. In the latter type, 
the hearing impairment responded in 
about 50% of the patients. Recently, 
Lock and Tucker** reported their ob- 
servations of the effect of penicillin in 
nerve deafness due to syphilis. 

In the present study, we failed to 
observe a single patient in whom the 
institution of therapy, either by chem- 
otherapy and/or penicillin, had any 
deleterious effect on the hearing. 

Case Protocols. We are presenting case 
protocols from our past and present records 
to illustrate the response of syphilis of the 


ear to penicillin with special emphasis on 
syphilitic nerve involvement. 
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SYPHILIS OF THE EXTERNAL EAR. Perhaps 
due to its rarity, we failed to espy a primary 
lesion. We encountered 6 patients with sec- 
ondary lesions of the external ear which 
were part of the skin eruption. A total dose 
of 4.8 millions units of penicillin was admin- 
istered as 600,000 units daily. The response 
of the cutaneous lesions was most gratifying. 
Gummatous formations involved the auricle 
of one and the external canal of a second 
patient. Each received a total dosage of 
10,000,000 units of penicillin given as 600,- 
000 units daily. The gummata of the skin 
seemed to dissolve rapidly with complete 
healing occurring in less than 2 months. 

SYPHILIS OF THE MIDDLE EAR. In 2 instances, 
patients complained of sudden loss of hear- 
ing, tinnitus, and ‘sores’ in the mouth. Each 
had developed a catarrhal otitis media asso- 
ciated with mucous patches involving the 
mouth, tongue and nasopharynx. Subsequent 
to a course of 6,000,000 units of penicillin 
given as 600,000 units daily, the rapidity of 
improvement and final recovery was most 
remarkable. In another patient the external 
canal was filled with pale granulation tissue 
and the tegmen tympani et antri was eroded 
by a gummatous involvement. The patient 
received a total dosage of. 10,000,000 units 
of penicillin given as 600,000 units daily. It 
seemed to arrest further activity but roent- 
genographic evidence did not show any re- 
markable change. 

SYPHILIS OF THE INNER EAR AND EIGHTH 
NERVE. Late Congenital Syphilis. Five late 
congenital syphilitics with defective hearing 
were followed from 1 to 5 years. The ages 
ranged from 6 to 46 years, and the duration 
of the hearing loss was from 2 weeks to 20 
years, prior to receiving penicillin therapy. 
Three patients had previously received inad- 
equate metal chemotherapy. Each patient re- 
ceived a total dosage of 9,000,000 units, ad- 
ministered in daily doses of 600,000 units, in- 
tramuscularly, for a period of 15 days. Triple 
typhoid vaccine was administered as an adju- 
vant to one patient who had bilateral inter- 
stitial keratitis. The follow-up period ranged 
from 1 to 3 years. In none was there any sug- 
gestion of arrest or improvement of the hear- 
ing defect. The loss continued to be pro- 
gressive for both air and bone conduction. 
The impaired vestibules also failed to respond. 

Late Latent Syphilis. Eleven late latent 
syphilitics were followed from 1 to 4 years. 
Their ages ranged from 36 to 48 years, and 
the duration of the hearing loss was from 2 
months to 11 years. They had received var- 
ious amounts of metal chemotherapy in the 
past and in 4 of these it was inadequate. 
Each received the same course of penicillin 
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as given in the preceding group. The obser- 
vation period ranged from 1 to 3 years. Prior 
to the commencement of penicillin therapy, 
the repeat audiograms demonstrated a pro- 
gressive loss for high tones in each patient, 
and in 3 of these a subsequent involvement 
of the other tones. In the follow-up period, 
6 patients failed to illustrate any improve- 
ment either for air or bone conduction, and 
5 revealed slight gains in bone conduction 
which were manifested in a tardy but pro- 
gressive manner. Of the 5 patients in the lat- 
ter group, 2 with excessive high tone loss 
remained stationary, while the 3 with a loss 
for the entire frequency range demonstrated 
substantial gains. The initial improvement 
was in the low tones, and later, less signifi- 
cant gains occurred in the middle tones. Of 
2 impaired vestibules, one improved ap- 
preciably. 

Neurosyphilis. Twenty-three neurosyphili- 
tics were followed from 1 to 12 years. The 
ages ranged from 29 to 62 years, and the 
duration of the hearing loss was from 1 week 
to 20 years. Except for 6 patients (3 acute 
syphilitic meningitis, 2 early asymptomatics 
and 1 taboparetic), each had received either 
adequate or inadequate amounts of metal 
chemotherapy prior to receiving penicillin 
therapy. The administration of penicillin was 
as previously described. 

Three patients ranging in age from 31 to 
37 years with an acute syphilitic meningitis 
developed 8th nerve impairment involving 
all the frequencies. The hearing loss was 
evaluated 7 to 10 days after the onset and 
monthly thereafter. At the end of the first 
month, all 3 patients had shown improve- 
ment: one had returned to normal hearing, 
the second had regained all but the high 
tones, and the third revealed a slight gain 
in all tones. The bone conduction in all 3 
patients improved, but still was shortened. 
At the completion of the second month, the 
one with normal hearing sustained it, the 
patient with high tone loss was restored to 
normal hearing and the third patient made a 
further slight improvement for all frequen- 
cies. The bone conduction perception im- 
proved, but failed to reach the normal dura- 
tion. These results were unchanged after 
a year’s observation. The patient with a loss 
of hearing acuity was also left with hypo- 
irritable vestibules, while in the other two, 
the impaired vestibules again became nor- 
mal. 

Four asymptomatic neurosyphilitics rang- 
ing in age from 29 to 49 years were followed 
from 1 to 3 years after receiving penicillin. 
An early asymptomatic patient with an ex- 
cessive high tone loss and impaired bone 
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conduction returned to normal within 6 
months. A second early asymptomatic showed 
a gradual progressive improvement in both 
air and bone conduction but did not reach 
the normal range after 3 years. The other 2 
patients with impairments of long standing 
failed to show any change in hearing or 
vestibular defects. 

Among symptomatic neurosyphilitics, 16 
patients (13 tabetics, 2 paretics and 1 tabo- 
paretic) ranging in age from 30 to 62 years 
were followed from 1 to 3 years subsequent 
to penicillin therapy. Three of the patients 
were subjected to artificial fever therapy as 
an adjuvant to penicillin therapy. No im- 
provement was detected in the hearing loss, 
bone conduction impairment or vestibular 
disturbances, 


Comment. There is conclusive evi- 
dence that penicillin is more effective 
in the treatment of syphilitic nerve 
deafness than any previously described 
treatment. Despite this fact, the value 
of penicillin for inner ear involvement 
in early or late congenital syphilis is 
questionable, because it is unsuccessful 
even in arresting the progress of the 
impairment in late congenital syphilis. 
Whether it may eventually prove to 
prevent an inner ear involvement, can- 
not be ascertained at present. A late 
congenital syphilitic followed by Loch 
and Tucker*® for 731 days showed a 
progressive loss of hearing. 

Our present meager available data 
indicate that penicillin has decidedly 
reduced the incidence of abnormal 
spinal fluids in early and early latent 
syphilis. Striking in our study is the 
fact that not a single patient with early 
or early latent syphilis, who had re- 
ceived penicillin at an early stage of 
the infection, developed an 8th nerve 
involvement 

As concerns 8th nerve involvement 
in late or late latent syphilis, it is of 
interest to note that, whereas all prior 
methods of treatment had failed to 
exert any influence, penicillin therapy 
accomplished results by either improv- 
ing or arresting the impairment. 

Similar evidence was observed in 
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early asymptomatic neurosyphilis, 
while in late asymptomatic or sympto- 
matic neurosyphilis (except for acute 
syphilitic meningitis), the clinical re- 
sults were the same as in the pre-peni- 
cillin era. The hearing loss in our 3 
patients with acute syphilitic meningi- 
tis responded in a similar manner as 
reported by Loch and Tucker**. Pen- 
icillin is not only safer but a more 
effective agent than the heavy metals 
in restoring to normal or greatly im- 
proving 8th nerve involvement accom- 
panying acute syphilitic meningitis. 

Summary and Conclusions. A clinico- 
statistical analysis of the results ob- 
tained in the study of the otologic 
findings of 310 patients with an estab- 
lished diagnosis of syphilis is reported. 
This group consisted of random samp- 
lings of each type of syphilis of both 
sexes in each age group. The patients 
were consecutive except for those who 
were eliminated because their hearing 
loss anteceded the acquisition of syph- 
ilis. The higher incidence of males and 
colored patients was due to chance. 

The procedure adopted for evaluat- 
ing the cochlear and vestibular func- 
tions is given. On the basis of stated 
criteria, the hearing acuity of the pa- 
tient is classified into definite hearing 
groups. In the case of a marked hearing 
difference for both ears, the classifica- 
tion is based on the poorer one. The 
vestibular responses are noted as nor- 
mal or impaired since any doubtful 
dysfunction was considered with the 
normal ones. 

The required criteria for a clinical 
diagnosis of syphilis of the 8th cranial 
nerve, symptomatology and laboratory 
findings are given to indicate that their 
importance in evaluating an inner ear 
involvement in a syphilitic person is 
limited. As a general rule, bacteriologic 
and histopathologic aid is not feasible. 
In consequence of this, our trust, from 
a clinical aspect, has no other option 
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than to be influenced by statistical data. 

On the basis of the foregoing, spe- 
cial emphasis is laid upon the method- 
ical analysis used in ascertaining the 
interrelationship between the hearing 
groups and vestibular responses and 
the various factors which may have in- 
fluenced them. 

By correlating the incidence of hear- 
ing impairment and of vestibular dis- 
turbance, our evidence shows that the 
general incidence of inner ear involve- 
ment in syphilitic persons is higher 
than in those of the same age, sex and 
color without the disease. Apparently, 
age was not the sole clinical factor 
which determined the degree of hear- 
ing impairment, vestibular dysfunction 
or shortening of bone conduction in 
our patients absolutely independent of 
syphilis. It appears that the only asso- 
ciation sex and race have with the in- 
cidence of syphilis of the inner ear 
depends chiefly upon the susceptibility 
of the individual to neurosyphilis. 

An analysis of our data shows the 
incidence of inner ear disease to be 
highest in neurosyphilis, especially the 
symptomatic form. Prior reports con- 
cerning a relationship between the in- 
cidence of syphilis of the inner ear 
and the type of syphilis affecting the 
person are thus confirmed. Further- 
more, of significance is the evidence in- 
dicating that the syphilitic lesion in 
the late congenital type is apparently 
localized to the labyrinth, while in the 
acquired form it appears to be a retro- 
labyrinthine involvement regardless of 
whether the labyrinth is also included. 

On the basis of our results, we feel 
that it is reasonable to accept dispro- 
portionate shortening of bone conduc- 
tion as a significant sign in evaluating 
syphilitic involvement of the 8th nerve. 
Evidence is presented to support the 
contention that syphilitic infection of 
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the auditory nerve should be con- 
sidered as symptomatic neurosyphilis. 
An analysis of the hearing defects in- 
dicates that there is no special form of 
nerve impairment which may be re- 
garded as pathognomonic of syphilis. 

In the acquired form of syphilis, the 
vestibular involvement rarely ante- 
dates the cochlear impairment. Of sig- 
nificance is the fact that, generally, as 
the hearing impairment becomes more 
marked the vestibular responses show 
diminished irritability. 

It is reasonable to assume from the 
over-all picture that syphilis is not a 
frequent cause of either conductive or 
nerve impairment. Generally, the diag- 
nosis is an inferential one and, there- 
fore, a careful differential diagnosis is 
essential. 

Case protocols are presented to illus- 
trate the response of syphilis of the 
ear to penicillin therapy with special 
emphasis on syphilis of the inner ear 
and 8th nerve. 

Penicillin has no deleterious effect 
on normal or impaired hearing. 

Evidence is presented that penicillin 
is more effective in the treatment of 
syphilitic nerve impairment in late and 
late latent syphilis and early asympto- 
matic neurosyphilis than any previously 
described method. 

In contrast, evidence is presented 
that no arrest or improvement of inner 
ear involvement is effected in late con- 
genital syphilis. 

There is evidence indicating that no 
clinical gain has been achieved in 
treating syphilis of the 8th nerve in 
late asymptomatic and symptomatic 
neurosyphilis with penicillin, except 
for acute syphilitic meningitis which 
responds most notably. 

Analysis of our data shows that early 
and adequate penicillin therapy in 
early and early latent syphilis prevents 
8th nerve infection. Probably one of 
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the outstanding and most satisfying re- All evidence indicates that syphilis 
sults of penicillin is the almost 100% of the inner ear and 8th nerve will in 
effectiveness in its prevention of pre- the near future decline to an insignifi- 
natal syphilis. cant level with the help of penicillin. 
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ApiPosE tissue, long a neglected field 
for study®!, has recently been the sub- 
ject of much interest to internists, 
dermatologists and pathologists alike. 
The multiplicity and complexity of 
disease states involving the fat have 
led to a large number of publications, 
but no really comprehensive correla- 
tion of the morphology, biology and 
pathology of adipose tissue has ap- 
peared until the recent works of Baum- 
gartner and Riva!®, Smetana and Bern- 
hard®®, as well as Blanc'*, Blanc’s com- 
prehensive monograph not only re- 
ports the studies of the pathogenesis 
of liponecrosis but correlates the clin- 
ical and pathologic aspects of the prob- 
lem and describes two new processes. 
It is my purpose in this review to out- 
line briefly the general field of fat 
necroses, and to delineate in some de- 
tail the features of one particular type 
which is presently of interest to in- 
ternists and dermatologists, namely, 
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relapsing nodular non-suppurative 
panniculitis, the so-called Weber- 


Christian syndrome. 

FAT NEcROsIs. According to Blanc the 
adipose tissue which represents 18% 
of the body weight of a normal adult 
is distributed in accordance with a defi- 
nitely strict pattern. Racial and _hor- 
monal factors and probably nervous 
and vascular regulatory mechanisms 
control the fat and it plays a role in 
alimentary reserve and affords thermal 
and mechanical protection. For the un- 
derstanding of the pathogenesis of cer- 
tain disturbances of the fat, it is neces- 
sary to recall the structure of adipose 
tissue. Aside from the fat cells, the 
spaces between the lobules and _ their 
vascularization are important in the 
pathology of the diseases under con- 
sideration. Wells®', and Blanc’ have 
detailed the arrangement of the abund- 
ant blood supply of fat. Each lobule 
is assured its independence by an ar- 
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tery and two veins. In addition, there 
are capillaries and collateral circula- 
tion. This blood supply explains the 
ease with which certain areas (for ex- 
ample, periorbital) develop edema. In 
fact, this anatomical characteristic has 
been invoked in the explanation of 
exophthalmos of hormonal origin. The 
composition of fat in a particular re- 
gion is relatively constant under given 
circumstances. The exact details are 
not germane to this discussion. 

The development of necrosis of the 
fat is marked by a reaction to the prod- 
ucts of disintegration, followed by a 
stage of restitution. The facility of 
restitution depends upon the extent 
of the necrosis, upon the intensity of 
the reaction to the products developed 
on the spot or to their more or less easy 
local elimination. The nature of the 
necrotic mass and the terrain also deter- 
mine the type of reaction. Age, fibro- 
blastic activity, general disease (agran- 
ulocytosis, leukemia), the development 
of inflammatory infiltrate and _pre- 
disposition condition the development 
of the reaction. Thus fat necrosis is a 
combination of a special local and 
general terrain and complex responses 
to a variety of irritants. In healthy indi- 
viduals, fats are destroyed, utilized, as- 
similated and synthesized without any 
of the intermediate products of their 
disintegration or of their synthesis 
causing disease. Since the split prod- 
ucts are free from observable action, 
the changes are in all probability in- 
tracellular. 

When the necrotic mass ulcerates, 
some fatty substances are released into 
the intercellular spaces and abnormal 
cellular reactions of enzymatic and 
chemical character are initiated. There 
is also a change in the intercellular 
fluid. A series of successive changes 
(oxidation or saponification) yield 
products of foreign character or normal 
substances in abnormal quantities or 


abnormal physical state. Localized al- 
teration of membrane permeability 
facilitates exchanges between the cell 
and the environment. A number of dif- 
ferent agents induce the development 
of steatonecrosis. However, since the 
histology produced is so complex, one 
cannot designate the precise role of a 
given factor in a particular reaction. 
The necrosis may be initiated by chem- 
ical and physical agents (cold, heat, 
mechanical factors, such as compres- 
sion, or distention, trauma). Accord- 
ing to Blanc, a number of cell types 
are found in the foci of fat necrosis. 
Adipose tissue is extremely fragile. 
Feeble irritants, physical or chemical, 
slight trauma, such as wounds, surgical 
or otherwise, may provoke the lesions. 
In spite of their frequent occurrence, 
fresh necroses are rarely seen in the 
human. The discrete lesions pass un- 
noticed and the massive lesions show 
developmental phases or some scar- 
ring. The initial stages of the lesions 
have been determined in detail ex- 
perimentally. It is interesting to note 
in connection with the Weber-Chris- 
tian syndrome that the first cells to ap- 
pear in most of the reported cases, are 
lymphocytes and monocytes (poly- 
morphonuclear cells, cf. Ungar*, 
Lever** ). These cells contain the most 
lipase. Each focus of necrosis is sur- 
rounded by lymphocytes, plasmacytes 
and histiocytes. In the mild necrosis of 
the connective tissue, these cells (lym- 
phocytes and some granulocytes) ex- 
ercise a lytic action on the necrotic tis- 
sue. There seems to be but little phago- 
cytosis of the elastic tissue debris. In 
brief, the first phase of the necrosis is 
a relatively simple phenomenon. Dead 
cells are invaded by the lipophagic 
histiocytes which seem little by little to 
metabolize the fat. The lipophages 
phagocytize almost all of the fat but 
one can find small quantities in the 
intercellular spaces. Secondary degen- 
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eration of the wandering histiocytes 
accounts for the intercellular fat. The 
released fat acts at first as a foreign 
body. Necrosis of fat tissue is remark- 
able for its tendency to chronicity, ex- 
tension, and the development of fibro- 
sis. The specific reaction of fat tissue 
is related to its chemical composition. 
Various agents will have an identical 
effect. Regardless of the case (trau- 
matic, chemical or microbic) the patho- 
genesis is the same. If the necrosis of 
fat is moderate, the proliferation of 
fibroblasts results in a discrete scar. 
If the necrosis is extensive but de- 
velops slowly, the fibrosis can be 
rather important. The fibrosis is ac- 
companied by the deposition of hemo- 
siderin from hemorrhage. On the other 
hand, certain of the fat necroses are 
associated with atrophy. Thus the lipo- 
dystrophies from insulin may be classed 
as a type of post-inflammatory atrophy 
of the fat. One may rarely encounter 
localized hypertrophy at the point of 
insulin injection. This represents an ex- 
aggerated regeneration following ne- 
crosis. 

Although the presence of irritating 
bodies and substances may explain the 
slowly developing local lesion, their 
presence does not account for the pro- 
gression of the lesions. Blanc lists the 
following possible modes as spread: 
a) transport by histiocytes of toxic 
lipids or irritants in the tissues ad- 
joining the necrosis or in the regional 
lymph nodes, b) direct lymphatic trans- 
port of soluble fat, c) local persist- 
ence of toxic factors (products of dis- 
integration of endogenous fat, hydro- 
carbons, heavy metal) provoked by 
diffusion of new necroses. (This in- 
duces a chain reaction). d) Another 
vicious cycle is from vascular lesions. 
(The obliteration of the vessels pro- 
vokes secondary necrosis). e) Patho- 
logic lipids alone can give rise to the 
appearance of reactions. (A local or 
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general abnormality of fat metabolism 
can be the cause). f) The lymph nodes 
play an important role in the special 
form of sclerosis described by Blanc in 
1947, “l’adénoliposclérose dysprotéin- 
ique” (c.f. lipodystrophie intestinale of 
Whipple.) g) Presence of a pathologic 
protein may cause a number of cases 
(permanent or transient dysproti- 
demie ). 

In the general concept of liponecro- 
sis, the matter of cellulitis or fibrositis 
has been described. Copeman*® de- 
fined cellulitis or fibrositis as a painful 
(rheumatismal) affection due to dis- 
turbance in the permeability of the 
cell membranes. Later authorities have 
called this cellulitis or fibrositis, pan- 
niculitis, a process to be differentiated 
from the Weber-Christian syndrome 
(see below). Lipogranuloma is reserved 
for lesions which are in reality granu- 
lomas with prominent cellular infil- 
trate (see below). 

Classification of the various types of 
fat necrosis have also been presented 
by Abrikossoff! and later by Baum- 
gartner and Riva!®. While these class- 
ifications are useful clinical schemes, 
the basic pathologic reaction of the fat 
in all the processes is the same. The 
cause is the only variable. The class- 
ifications do not indicate the mode of 
evolution. Blanc'® claims that each le- 
sion whether isolated or whether part 
of a syndrome is “susceptible” of be- 
ing transformed. Blanc describes it as 
“stéatonécrose microkystique” a char- 
acteristic picture through which all fat 
necrosis lesions pass. Microscopically, 
the tissue presents a “Swiss cheese” 
appearance. The fat may be normal or 
a little altered and contains microcysts. 
The interlobular septa are thickened. 
Between the microcysts one may see 
foam cells (lipophagic). The picture 
may resemble tuberculosis or sarcoid. 
Blanc also calls attention to microcysts 
“en pelure d’oignon” in which the cav- 
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ities are lined by a series of lamella- 
tions resembling the layers of an on- 
ion. The pathologic picture corres- 
ponds to that seen in paraffinoma ex- 
perimentally produced or occurring in 
humans. Some of the cysts may con- 
tain calcium. Other types described 
are “liposclérose microkystique sim- 
ple”, “liposclérose alveolaire”; “lipo- 
sclérose cicatricielle massive’; “lipo- 
sclérose perikystique’; “Kystes par 
stéatonécrose”. Based on his studies 
and the literature, Blanc submits the 
following classification. It has the ad- 
vantage of listing not only the various 
types of liponecrosis, but also the fac- 
tors determining their development. 
“Stéatonécroses discrétes. 

Stéatonécroses microkystiques. 

Stéatonécroses disséminées 

Syndrome de Rothmann-Makai. 

Syndrome de Weber-Christian. 

Kystes par stéatonécrose. 

Liposcléroses massives chéloid- 

iennes. 

Formes progressives sous l’action 

de facteurs locaux. 

Formes progressives sous l’action 

de facteurs généraux: 

1. Liposclérose nodulaire dys- 

protéinique. 

Liposclérose 

dysprotéinique: 

a) médiastinale, 

b) rétropéritonéale.” 

Baumgartner and Riva suggest the 

following classification for the non- 
purulent non-specific circumscribed 
panniculitis: 

A. Panniculitis as secondary re- 
action of the fat tissue on pro- 
cesses in the neighborhood 
which may be inflammations 
but also malignant tumors. 

B. Artificial panniculitis caused 
by external factors. 

1) Subcutaneous injection with 
oil (oleogranulomas), paraffin 
(paraffnomas), physiological 
salt solution (Schwarzman) 


prévértebrale 


insuline (insulin - dystrophie 
and __insulin-lipomas), and 
others. 
2) Local mechanical traumata, 
for example, in the mamma 
where differentiation from a 
malignant tumor may be dif- 
ficult; adiponecrosis subcu- 
tanea neonatorum. 

In this group, as well as in the fol- 
lowing group C, a constitutional pre- 
disposition is probably an important 
factor. 

C. “Spontaneous” circumscribed 
panniculitis, a group in which 
two syndromes may be distin- 
guished: 

1) Weber-Christian’s 
or syndrome, 

2) group syndrome, 
called by Baumgartner and 
Riva “Spontaneous panniculi- 
tis of Rothmann-Makai.” 

According to Baumgartner and Riva 
it is impossible to distinguish the var- 
ious types of panniculitis by means of 
the histological picture alone, probably 
with exception of adiponecrosis sub- 
cutanea neonatorum wherein crystals 
are found. The only differences be- 
tween the two syndromes in group C 
are clinical. Cases of spontaneous pan- 
niculitis which do not fulfill the clinical 
criteria of Weber-Christian’s syndrome 
are classified by Baumgartner and Riva 
in group C2 which is certainly very 
heterogeneous. Kooij®® suggests, the ex- 
tension of Group B of Baumgartner 
and Riva’s classification to all cases of 
primary non-specific panniculitis of 
known origin and thus to add 2 sub- 
groups: 

D. Panniculitis caused by known 
chemicals, especially medicines 
(bromides and iodides). 

E. Panniculitis caused by infec- 
tion, either specific or non- 
specific. It is known, that tu- 
berculosis, syphilis, sporotri- 
chosis, leprosy, and _ others 
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cause non-specific inflamma- 
tory processes in the subcutan- 
eous tissue. 

These panniculitides with a varied in- 
fectious origin have the same histologi- 
cal structure. As long as a definite 
cause has not been ascertained, it is 
better to leave the diagnosis in sus- 
pense and to bring the case provision- 
ally under Group C. The differentiation 
by Baumgartner and Riva between the 
syndrome of Weber-Christian and that 
of Rothmann-Makai seems to be still 
premature and artificial. In (spontan- 
eous) panniculitis the constitutional 
component is probably of paramount 
importance, and possibly the clinical 
differences between the syndromes of 
Weber-Christian and Rothmann-Makai 
are merely expressions of different 
grades of reaction. At the best, one can 
speak of the Weber-Christian type of 
panniculitis. This type must be con- 
sidered as a clinical variant of the 
larger group of spontaneous pannicu- 
litis until we know more about the 
etiology and pathogenesis. 

As a second clinical variant of spon- 
taneous panniculitis the non-tubercu- 
lous form of erythema induratum (Ba- 
zin) could be accepted. Montgomery, 
O’Leary and Barker®® have described 
this condition as “nodular vasculitis,” 
but according to Kooij, “erythema in- 
duratum non tuberculosum” seems the 
better name. The condition is charac- 
terized by painful nodules on the 
calves of 30 to 40-year old women, 
which seldom ulcerate and which in 
most cases remain for a shorter period 
than in erythema induratum (Bazin), 
although many relapses are the rule. 
Histologically, there are different 
grades of vasculitis and of panniculitis 
with foreign body giant cells and atro- 
phy of the fat, without typical tuber- 
culoid structure. Histologically, there 
is little difference from spontaneous 
panniculitis. At best the vascular 
changes are more intensive. Sometimes 


the tuberculous form of erythema in- 
duratum histologically resembles com- 
mon panniculitis. This form belongs to 
Group B. The sarcoids of Darier- 
Roussy might be considered as a third 
clinical variant of spontaneous pan- 
niculitis as far as they resemble histo- 
logically a non-specific panniculitis of 
which the etiology is not known. 
There are certain general clinical 
characteristics of all the forms of fat 
necrosis. All the lesions have a latent 
period before they become clinically 
manifest. The duration of the latent 
period depends upon the depth of the 
lesions, on the thickness of the pan- 
niculus adiposus and on the degree of 
inflammatory reaction. This is of great 
importance in investigation of the re- 
lation of trauma to the lesion which 
may appear some months later. It can 
always be considered spontaneous fat 
necrosis. The obese, especially women, 
are affected. The nodules are hard and 
palpable beneath the skin, some feel 
“scirrhous.” Their size has been des- 
cribed as varying from a “lentil to an 
orange.” The early lesions are sharply 
delimited but infiltration is a dominant 
trait of certain progressive liposcler- 
oses. They are for the most part, mov- 
able under the skin, but the nodules 
can adhere to the fascia, the subadja- 
cent muscles or even to the skin. The 
skin may be red, tender, brilliant, de- 
pending upon the stage of inflamma- 
tion. At times, the skin may have an 
orange peel appearance. Ulceration 
with evacuation of the contents of a 
cyst is rare. When this occurs, the 
liquid is grumous or fatty (c.f. Shaf- 
fer7? below). The mass can be strictly 
local but lymph node hyperplasia is 
not rare, a feature suggesting metasta- 
sis. The nodules are symmetrical (arms, 
breasts and thighs) appearing in gen- 
eral insidiously, without pain and often 
rapidly within several hours. Palpation 
may induce pain and Roentgen-ray 
examination may reveal the presence 
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of calcium. Deep (mediastinal or retro- 
peritoneal) fat necrosis is difficult to 
diagnose: pseudotumors. Fat necrosis 
of the soft bones likewise poses a dif- 
ficult diagnostic problem. Blood 
changes are not characteristic enough 
to allow definite conclusions. 

Before describing the Weber-Chris- 
tian syndrome, it is pertinent to note 
a few of the excellent summaries which 
have appeared in recent years. Among 
these are those of Bailey’, Shaffer7, 
Larkin and colleagues®*, Miller and 
Kritzler®®, Gay Prieto*® and colleagues, 
Bendel!*, Hallahan and Klein**, Shu- 
man*®, Kooij5°, to mention only a few. 
Specific reference to other sources of 
pertinent information will be alluded 
to in the text. 

DEFINITION OF THE WEBER-CHRISTIAN 
SYNDROME. Although this process is 
often referred to as the Weber-Chris- 
tian syndrome or disease, actually the 
first case showing the features of this 
process was described in 1892 by Vic- 
tor Pfeifer®® and a similar process was 
described by Gilchrist and Ketron** 
in 1916 and one that might be a late 
phase of the same process was de- 
scribed in 1918 by Sundwall®? under 
the title of “Localized Areas of Atrophy 
or Fat in Derma or Subcutaneous Tis- 
sue.” Credit for the recognition of this 
process as a separate entity goes to 
Weber®*® who originally described it 
as “a case of relapsing non-suppura- 
tive nodular panniculitis showing 
phagocytosis of subcutaneous fat cells 
by macrophages.” Subsequently atten- 
tion was called to the syndrome by 
Christian**, who altered the name by 
the insertion of the word “febrile.” 
Since this original group of cases was 
described; numerous others have been 
added to the world literature. How- 
ever, it might be said parenthetically 
that the designation of cases by a par- 
ticular case number is erroneous, since 
even in the most carefully compiled 


summaries reported, cases have been 
omitted for various reasons. In ad- 
dition, there are cases which have not 
been reported because the process is 
considered commonplace, even though 
the actual number of both reported 
and unreported cases must be fewer 
than 100. 

In spite of the etymology of the des- 
ignation panniculitis, there is a dis- 
agreement as to what should be in- 
cluded in the panniculitis concept. For 
example, Baker®, states that Copeman 
and his associates should be given 
credit for focusing attention on the 
various syndromes which come under 
the heading of non-articular rheuma- 
tism. Panniculitis, to be clearly distin- 
guished from the skin disease of that 
name, is one such syndrome which is 
commonly overlooked. However, the 
inclusion of the so-called Weber-Chris- 
tian syndrome in the panniculitis group 
need not necessarily be incorrect since, 
as will be shown later, there may be 
a relationship between panniculitis and 
the collagen diseases. Undoubtedly, a 
number of cases of Weber-Christian 
syndrome are buried under a variety of 
other titles, which will be mentioned 
later as synonyms for this disease, but 
particularly, for example, under the 
term lipogranulomatosis which the 
Germans used for this process. Gay 
Prieto and his coworkers feel that the 
proper name should be “Pfeifer-Weber- 
Christian syndrome.” All of the cases 
of this syndrome have one feature in 
common, that is, involvement of the 
subcutaneous or visceral fat. Pannicu- 
litis may also represent, as previously 
indicated, a secondary feature of many 
other processes or may play a minor 
role in other processes. The coincidence 
of polydermatomyositis and pannicu- 
litis, as reported by Weber and Gray, 
indicates that the muscles may also be 
involved. The matter of suppurative 
or non-suppurative features has also 
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come in for a certain amount of dis- 
cussion. Bendel, for example, leaves 
out the non-suppurative phrase, as part 
of the name because several cases have 
shown frank pus (Ungar®> and in 
another case Weber)®®, or greenish 
yellow material (Blinkley'*, Ives*?, 
Shaffer’? ). The material from all these 
lesions was sterile. 

Keil*® from his attempt to classify 
the various types of panniculitis con- 
cluded that “primary panniculitis” 
should refer to the condition in which 
changes occur in the adipose tissue 
over wide stretches of the body, but 
no suppuration is present. There are 
two forms: 1) the febrile and 2) the 
afebrile. The febrile form is charac- 
terized by crop-like outbreaks of mark- 
edly tender subcutaneous nodules on 
the extremities associated with pro- 
longed, irregular fever and constitu- 
tional symptoms. The nodules undergo 
involution leaving atrophy of the 
adipose tissues and dimpling of the 
skin. Cultures of the blood are sterile. 
The afebrile form shows a massive 
painless induration of the subcutaneous 
tissue of the anterior aspect of the 
trunk, the overlying skin being unin- 
volved. Keil states that panniculitis 
may occur coincidently with erythema 
nodosum, nodular erythema due to a 
drug, erythema induratum, Darier- 
Roussy sarcoid, lipogranuloma and der- 
matomyositis. 

Moore®™ believes that the disorder in 
adults is the same disease as subcu- 
taneous fat necrosis of the newborn. 
In the latter process it is assumed that 
an obstetrical trauma acting on fats 
with a high melting point, which is 
present in the newborn, is responsible 
for the condition (65% oleic acid, as 
compared with 86% in adult fat; the 
difference is made up by fats, such as 
palmitic acid, with higher melting 
points). On the other hand, the chil- 
dren’s disease is afebrile, the blood 
lipids and all the fractions are in- 
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creased, the iodine number is de- 
creased with reversion to normal values 
on recovery. There are no residual de- 
pressed areas at the sites of lesions in 
the children’s disease. Duran-Reynals”® 
has described a similar disease oc- 
curring in rabbits which consists of 
necrotising disease affecting the fatty 
and muscular tissues. In 1908, Berner? 
described a peculiar case with mul- 
tiple partly ulcerative subcutaneous in- 
flammation of the fatty tissue in a pa- 
tient with a large pancreatic tumor. 
Ayres’, in 1946, also described a pa- 
tient with liquefying features. 

Numerous names have been applied 
to this fat necrosis in patients whose 
symptoms were similar to those now 
known as those of the Weber-Christian 
syndrome: ischemic fat necrosis, 
saponifying necrosis, necrosis of the 
subcutaneous fat tissue, lipophage gran- 
uloma, lipophagic granuloma, lipogran- 
uloma, lipodystrophy, adipose necrosis, 
lipoid necrobiosis, cystosteato necrosis. 
Smetana and Bernhard® have described 
patients under the name “sclerosing 
lipogranuloma”, which includes the 
Weber-Christian syndrome type of fat 
necrosis. On the whole, however, most 
of the cases in this report deal with a 
local reactive process following injury 
to adipose tissue. 

Although certain details of the clin- 
ical picture of the Weber-Christian 
syndrome will be given later, for pur- 
poses of definition, the clinical charac- 
teristics of this process as described by 
Bailey® are: 1) recurrent attacks of 
malaise and fever, of widely varying 
degrees, accompanied by subcutaneous 
nodules; 2) predominant occurrence of 
the condition in adult women; 3) local- 
ization of the subcutaneous nodules on 
the trunk or extremities, but mainly on 
the thighs; and 4) the tendency to 
subcutaneous atrophy with its result- 
ant depression at the site of involution. 
The histologic features consist of 1) 
edema and necrosis, primarily involv- 
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ing the subcutaneous fat; 2) diffuse ap- 
pearance of cells phagocytic for fat, 
with a few multinucleated cells; 3) very 
limited fibroblastic stimulation; 4) 
notable absence of epithelioid nodules; 
5) infrequent, severe vascular changes; 
and 6) primary involvement of the 
entire fat lobule. 

Incidence. As previously mentioned, 
any attempt to estimate accurately 
the number of cases of the Weber- 
Christian syndrome which have been 
observed ends in a state of inaccuracy, 
because many of the patients have not 
had their cases reported and certain 
summaries, for varying reasons, do not 
include some of the reported cases. The 
article by Bendel, one of the outstand- 
ing compilations of recent years, in- 
cludes information on 44 cases. The 
following additional cases have come 
to our attention in the available recent 
literature: Machacek®® (4 cases); Bun- 
nell and Levy?°; Kennedy and Murphy 
47 (3 cases ); Arandes*; Lever®*; Mostofi 
and Engelman®; Johnson and Plice*; 
Rubin and Bland“, (2 cases); Brudno 
19. Gertler®®; Jones, Lamb and Gold- 
man**; Frost®4; Prevost and Leger®; 
Muri®; Kooij®®; Bjornstad!®; Hallahan 
and Klein®*; Caccialanza?!; Sanford 
et al.™; Pierini and Pompotsiello*®; 
Orfuss**; Koch*®; Gay Prieto et al.®; 
Hanrahan et al.®® (2 cases); Drew et 
al.?8; Shuman™’; Carache??; Kinmont*’; 
Samitz and Coletti™4; Schwartz, Loftus 
and Fishler™®; and Ejisaman and 
Schneider*!. In spite of the apparent 
increase in number of cases of the 
Weber-Christian syndrome recently 
reported, it is not possible to say any- 
thing definite about the actual cause 
of this process. The new cases, how- 
ever, have provided considerable in- 
formation on the geographic distribu- 
tion of the process, and in some in- 
stances there have been positive ad- 
ditions to our knowledge of the path- 
ology of this process. The Weber-Chris- 


tian syndrome as indicated by all those 
reported cases is most commonly found 
in obese women, between the second 
and fourth decades of life. The young- 
est case reported was in a 6-months- 
old child (Carol, Prakken and van Zwi- 
jndregt**) and the oldest was in a 
woman of 70 (Sweitzer**). Although 
this syndrome has been said to occur 
in about three times as many femaies as 
males, more recent cases suggest a more 
equal distribution between males and 
females. The Weber-Christian syn- 
drome has been reported in individuals 
from a number of countries: Chinese, 
Germans, Spaniards, Scandinavians, 
Syrians, British, South Americans, Fili- 
pinos, Australians, Canadians, Ha- 
waiians and of course residents of the 
United States. It is generally stated 
that Negroes are not affected by this 
process, but we have found records of 
3 such cases (Johnson and Plice**; 
Samitz and Coletti™*; and Machacek** ). 
There appears to be no obvious re- 
lationship between occupation or state 
of nutrition and the occurrence of re- 
lapsing febrile nodular non-suppurative 
panniculitis. It is unassociated with any 
other specific disease. There is no evi- 
dence that it is a contagious process 
since no epidemics have been observed, 
nor have more than one member of 
the same family been affected. 
Etiology. The cause of relapsing 
febrile nodular non-suppurative pan- 
niculitis is not known. Numerous 
etiologic agents and circumstances have 
been supposed to cause individual 
cases. These are outlined briefly. 
HALOGEN COMPOUNDS: IODIDES AND 
BROMIDES. Although Weber’s®® second 
case as well as Rosenberg and 
Cohen’s™ 2 cases showed the onset of a 
relapse coming after administration of 
halogens (appearance of fresh nodules 
and a rise in temperature which could 
be produced at will by the administra- 
tion of a halogen, the reaction as 
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promptly disappearing on discontinued 
medication ), the actual role of the halo- 
gen compound is not definitely proven. 
Keil*® believes that these halogen com- 
pounds do cause this particular type 
of panniculitis. Bailey® felt that iodide 
therapy was a possible cause in 4 of 
his cases. He too, noted exacerbation of 
crops of nodules after the readministra- 


tion of iodine in 3 patients. Nieder- 
mayer and Moran associated a 


definite remission of symptoms when 
the use of iodine containing drugs 
such as, iodides and iodized salt was 
discontinued. The application of iodine 
to the skin of sensitive individuals, ac- 
cording to Larsen and Ootkin®*, pro- 
duced a picture histologically resemb- 
ling that of relapsing febrile non-sup- 
purative panniculitis. The same _ re- 
sponse was reproduced by the subcu- 
taneous injection of camphor in oil, 
insulin and paraffin. Shaffer attempted, 
unsuccessfully, to produce an exacerba- 
tion of the lesions in his case of 
liquefying nodular panniculitis by the 
administration of potassium bromide 
and potassium iodide. The same rela- 
tionship or lack of relationship to the 
halogen compounds with exacerbation 
of Weber-Christian disease has been 
noted by more recent authors. For ex- 
ample, Baumgartner’s patient had a 
flareup following the administration of 
potassium iodide. On the other hand, 
there was no halogen factor in the 
cause of the 3 cases reported by 
Schwartz and his colleagues in 1952. 
In Eisaman and Schneider’s case there 
was a history of venogram with 40 cc. 
of 70% iodopyracet injection (Dio- 
drast ). 

Although other drugs have been 
mentioned in the case report of pa- 
tients who subsequently develop the 
Weber-Christian syndrome, the mere 
history of drug ingestion is not tanta- 
mount to the incrimination of that drug 
or drugs as the cause of the preceding 
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development of the Weber-Christian 
syndrome". Such a case in point is that 
of Mostofi and Engleman® whose pa- 
tient had received quinacrine hydro- 
chloride, quinine, sulfadiazine, penicil- 
lin and antimony sometime during the 
preceding few months before the on- 
set of fatal relapsing febrile non-sup- 
purative panniculitis. Likewise in Bun- 
nell and Levy’s”® case, the relationship 
of the disease to long administration of 
sulfonamides (sulfamerazine, sulfathia- 
zole, sulfadiazine) and penicillin was 
questioned. 

INFECTIOUS AGENTS. In spite of an in- 
tensive search by a number of authors 
reporting cases of Weber-Christian’s 
syndrome, no organism has been dem- 
onstrated consistently to be the cause 
of this process. Occasional cases, how- 
ever, such as those of Alderson and 
Way”, may show organisms which ap- 
pear to initiate the disease. Studies 
involving urine and blood cultures and 
various agglutination tests for a number 
of organisms, cultures of involved 
skin lesions, animal inoculation of ex- 
tracts of skin lesions, cultures for an- 
aerobic and aerobic bacteria, ameba, 
and tubercle bacilli have all yielded 
negative or inconclusive results. Cu- 
taneous tests for tuberculosis, coccid- 
ioidomycosis and trichinosis, tests with 
staphylococcic and streptococcic tox- 
ins, stool cultures and examinations of 
blood and spinal fluid tests as well as 
examinations for animal parasites, have 
all yielded negative results. In spite of 
these negative results, there are a num- 
ber of studies suggesting that if the 
process is not due to an actual infec- 
tion with bacteria, it might represent 
bacterial allergy. For example, Ar- 
nold’s® patient whose lesions responded 
to sulfapyridine is one in point. Like- 
wise, the previous report by Skidld”, 
of a patient who had a flareup of le- 
sions after removal of 14 infected 
teeth, suggests a bacterial cause. Fur- 
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thermore, Ives*! reported a case of pos- 
sible Weber-Christian syndrome in 
which the cause was attributed to an 
organism entering through a lesion in 
the hand. Schwartz, Loftus and Fish- 
ler*® found hemolytic streptococci on 
throat culture in one case, and in an- 
other case colon bacilli grew out of the 
urine. Their third case, the most se- 
vere, showed no organisms. Shuman?™® 
obtained cultures from the open in- 
cision of a lesion which contained a 
few Staphylococcus pyogenes var. au- 
reus  coagulase-positive organisms. 
However, numerous other microbio- 
logic studies yielded negative results. 
Sanford and his coworkers‘ also be- 
lieved the cause of this process was 
bacterial. They recovered Gram-pos- 
itive cocci chains from (Streptococ- 
cus viridans, aerobic and anaerobic 
organisms were slightly sensitive to 
streptomycin and moderately to pen- 
icillin and strongly sensitive to chlor- 
amphenicol and aureomycin). Blood 
cultures, however, gave negative re- 
sults. This case and others which have 
responded to the antibiotics lend fur- 
ther support to this thesis of potential 
bacterial cause. Other cases reported 
to have a bacterial background were 
the 2 patients of Ungar and Fried- 
man**> in whom the process was 
thought to be due to a bacteremia with 
S. hemolyticus and S. pyogenes var. 
aureus respectively. Puente” of Uru- 
guay also has reported organisms in 
the nodules. Netherton®? believed that 
the local lesions were the result of 
blood-borne chemicals and_ bacteria. 
He felt that the nodules were really 
metastatic lesions. 

Some authors believe that certain of 
the cases were due to tuberculosis. 
For example, Carol, Prakken and van 
Zwijndregt** felt that tuberculosis was 
a factor in their 2 cases and suggested 
further that relapsing febrile nodular 
non-suppurative panniculitis might be 


an acute or subacute form of Darier- 
Roussy’s sarcoid. This form of sarcoid, 
however, does not show such periods 
of remission as does panniculitis. Til- 
den and his coworkers** found exten- 
sive tuberculosis at the necropsy of a 
patient with typical cutaneous man- 
ifestations of the Weber-Christian syn- 
drome. In this case, there was no dem- 
onstrable relationship between the 2 
processes. Pierini and his colleagues® 
noted that 2 individuals among their 
4 cases had tuberculosis. These authors 
noted a similarity of relapsing. febrile 
non-suppurative panniculitis to macro- 
nodular indurative tuberculosis. 

Focal infection has also been con- 
sidered as a possible background for 
this process. One of Pierini’s 4 patients 
seemed to have recovered after re- 
moval of septic tonsils. Bailey noted 
dental and tonsillar disease in several 
of his cases. Others, incuding the or- 
iginal decription by Pfeifer, indicated 
the possibility of associated dental in- 
fection. On the other hand, a number 
of authors, including Larkin, DeSanctis 
and Margulis®?, observed that foci of 
infection may be removed with no ap- 
parent change in the course of this 
process. Miller and Kritzler’s®® patient, 
who died apparently of Weber-Chris- 
tian syndrome, showed no demon- 
strable foci of infection. Likewise the 
fatal case of Mostofi and Engleman*® 
was free from foci of infection. Just as 
there are cases with associated dental 
and other foci of infection, there are pa- 
tients in whom similarly no demonstra- 
ble foci are present. 

Shaffer™? attempted to demonstrate 
the presence of viruses in his patients 
with liquefying panniculitis by the use 
of a Berkefeld filtrate of the aspirated 
contents of an early lesion. This pro- 
duced no reaction when injected in- 
tracutaneously or subcutaneously. 

OTHER POSSIBLE CAUSES. Among the 
causes given for a number of cases are 
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a variety of conditions, such as renal 
failure, dietary deficiency, impaired 
fat metabolism, foreign body reaction, 


endocrine disturbances, hematologic 
changes, changes in blood chemistry, 
associated neurovascular dystrophy, 


trauma, allergy and disturbance of the 
collagen. Since many of these factors 
are only present in occasional cases, 
special note will be made of a few 
which seem to have affected more than 
one patient or in a few which seem to 
have reasonable potentialities for being 
at the basis of the Weber-Christian 
syndrome. Trauma has been suspected 
of being a factor in a number of indi- 
viduals. Binkley’* observed that his pa- 
tients bruised easily. Baumgartner and 
Riva?® found that one patient, affected 
with panniculitis during a relapse, de- 
veloped a characteristic local pannicu- 
litis on slight trauma. Fraser’s*? woman 
with Weber-Christian syndrome devel- 
oped typical nodules within 2 or 3 
weeks after an area had been trauma- 
tized. Brill’®, as well as Shuman, and 
Miller and Kritzler noted the occur- 
rence of nodules after trauma. Ives*! 
obtained a history from his patient 
that an ulcer had developed on the 
arm from a cigarette burn sometime 
before the onset of the process. 

There have been no consistent chem- 
ical changes in the blood in spite of 
the numerous studies involving blood 
sugar, blood chloride, protein, choles- 
terol esters, nitrogen, creatinine, phos- 
phorus, calcium, total lipids, fatty 
acids, lipase, phospholipid, phospho- 
tase, uric acid, bromide and iodine. 
In this connection, it is interesting to 
note that Machacek reported 4 pa- 
tients with diabetes and the Weber- 
Christian syndrome. Gay Prieto and 
his colleagues’ case was a child of a 
diabetic father. 

Liver function studies were normal 
in several cases, in spite of the fact 
that several of the fatal cases showed 
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liver damage. Hematologic changes are 
interesting in that, although leukopenia 
occurs in many cases, the leukocyte 
count may be normal or increased dur- 
ing an exacerbation of the panniculitis. 
Nothing consistent has been noted in 
the differential white count, nor is the 
variation of the red cell count of any 
particular significance. Several good 
compilations of the interesting details 
of the hematologic findings are avail- 
able?2:28, 

Of interest, in connection with the 
possible cause of this process, is the 
attempt by some authors to relate it to 
the collagen diseases. Although Weber 
had previously observed a patient with 
the Weber-Christian syndrome and 
dermatomyositis, Kennedy and Mur- 
phy*’, in 1949, also suggested a rela- 
tionship between this process and der- 
matomyositis. Brudno’ felt that his 
patient’s suggestive nodular pannicu- 
litis (Weber-Christian syndrome) was 
allied to the group of collagen dis- 
eases. This is a reversion, in a way, to 
the relationship of panniculitis to rheu- 
matism, claimed by Stockman as well 
as by Weber. The relationship of the 
endocrine glands to the Weber-Chris- 
tian syndrome has not been estab- 
lished. 

Pathology. The microscopic changes 
in the lesions of the Weber-Christian 
syndrome were originally described by 
Pfeifer® as confluent crops of minute 
inflammatory foci in the subcutaneous 
tissue, appearing concurrently with the 
generalized manifestations of the dis- 
ease. Christian described these histo- 
pathological changes, confirmed by 
subsequent authors, as basically con- 
sisting of the following findings: The 
interstices of the adipose tissue are 
more or less heavily infiltrated with 
leukocytes of various types, with sepa- 
ration and partial to complete reabsorp- 
tion of fat cells; serous atrophy 
even necrosis of fat have been ob- 
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served. Lipophagocytosis by macro- 
phages is sometimes prominent. The 
reacting leukocytes consist of lympho- 
cytes, plasmacytes, cells of the mono- 
cyte-macrophage series and a sparse 
interspersion of neutrophiles and eosin- 
ophiles. Multinucleated giants cells are 
occasionally encountered. There is also 
proliferation of local fibroblasts and 
reticulum cells. The inflammatory 
process is singularly limited to the fat 
lobules proper; intervening fibrous 
septa and trabeculae being spared. 
Changes in the blood vessels are us- 
ually slight and limited to periarteritis 
and endarteritis. Other vessel changes, 
such as intimal thickening of vessels, 
occasionally with obliteration of the 
lumen and recanalization, were found 
by Niedermayer and Moran as well as 
by Arnold. Cummings and Lever em- 
phasized increased vascularity of in- 
flamed fat with lamellation of the ves- 
sel walls. While Alderson and Way? 
noted the absence of hemorrhage and 
pigment deposition, Bunnell and Levy 
noted hemorrhage in the early lesions 
and focal areas of brown pigmenta- 
tion. Christian observed no fatty cry- 
stals, but Bunnell and Levy observed 
crystalline material in small cysts 
formed at the site of the nodules and 
on one occasion a focal deposit of cal- 
cium salt. The fat cells are eventually 
replaced by scar tissue which usually 
contracts to form dimple-like depres- 
sions. In some cases the nodules have 
disappeared without trace of their 
former existence. Extensive atrophy 
of the subcutaneous fat has been de- 
scribed by Sundwall in a patient whose 
clinical course was compatible with re- 
lapsing febrile nodular non-suppura- 
tive panniculitis. Although Christian 
emphasized the absence of suppura- 
tion in the fat and break in continuity 
of the skin, Shaffer described a patient 
with liquefying features in a clinical 
course similar to that of Weber-Chris- 
tian syndrome, except that the over- 
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lying skin became discolored and 
eventually became cyanotic, to form 
a bulla-like membrane, which subse- 
quently broke down, and a sterile, yel- 
low-brown fluid full of fat globules 
exuded. Bunnell and Levy reported a 
somewhat similar case. Ungar studied 
a patient thoroughly from the patho- 
logic standpoint and found that the 
affected adipose tissue presented a 
variety of lesions. There were areas 
of 1) suppurative inflammation, 2) 
granuloma-like change, and 3) healed 
inflammation with residual changes. 
Bendel!? likewise rated the histopatho- 
logical changes as non-specific and 
varied in most cases. His description 
of the changes observed by himself 
and others may be taken as a good 
summary of the essential facts. 

“The usual gross appearance is that 
of small subcutaneous nodules, usually 
on the thighs or legs at first, which may 
or may not be tender, which frequently 
show no disturbance of the overlying 
skin but may exhibit ecchymosis, and 
even occasional ulceration which are 
usually ill-defined and almost fluc- 
tuant. These may coalesce to form 
large nodules. On healing, there is us- 
ually a depressed area, which is per- 
manent and corresponds in depth to 
the thickness of the panniculus. Micro- 
scopically, the epithelium as a rule, is 
little altered. The corium may show 
edema and increased vascularity. In 
early lesions, lipolytic histiocytes (ma- 
crophages), derived from the cells or 
reacting tissue, appear in the fat spaces 
and produce a foam-cell appearance 
by the injection of fine droplets of the 
fat, which appears to have been al- 
tered so that it behaves as a foreign 
body, calling forth a foreign body re- 
sponse. Between the fat spaces lym- 
phocytic infiltration is seen. As time 
goes on, the foam cells regress and the 
nuclei tend to fuse, this development 
giving the cells the appearance of giant 
cells. As this activity is taking place, 
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the stroma becomes more densely in- 
filtrated with lymphocytes and mono- 
nuclear cells, which obliterate the 
empty fat spaces in many places. An 
interesting early finding may be the 
swelling and thrombosis of the smaller 
blood vessels. The larger arterioles may 
show edema of the muscularis, with 
divided endothelial _ proliferation. 
Around the larger vessels definite lym- 
phocytic infiltration is seen. The 
changes are seen early and persist in 
the older lesions. The last stage would 
appear to be fibrosis, with healing.” 
Ungar expressed disagreement with 
the classic description in part and said 
that histologically the initial lesion is 
distinguished by leukocytic stasis in 
the blood capillaries and focal sup- 
purative inflammation in the adipose 
tissue (c.f. Lever). “These manifesta- 
tions are followed by the development 
of granuloma-like lesions, which ar- 
rive on the axis of the fibrous sub- 
stance; the process terminates in scar- 
like formations, or foci or foamy cell 
alteration. Shaffer stated that the last 
mentioned process results in lique- 
faction, as demonstrated by the loss of 
outline of the foam cells, with develop- 
ment of an amorphous foamy matrix 
in which the vesicular nuclei as well 
as the inflammatory round and _ poly- 
morphonuclear cells are suspended.” It 
is obvious from these descriptions that 
the pathologic picture of the Weber- 
Christian syndrome is not specific. In 
fact the same findings have been des- 
cribed following the injection of var- 
ious agents including carcinogenic 
substances used in experimental re- 
search on hamsters. Similar changes 
have been observed after actual trau- 
ma, the injection of oily or other for- 
eign substances, bacterial or non-bac- 
terial, particularly insulin (Orr). It 
is essentially a foreign body reaction. 
Clinical Manifestations. The typical 
clinical picture of the Weber-Christian 
syndrome is well known, and the sum- 


mary of the features by Bendel in 1949 
covers the essential facts. Subsequent 
reports have merely called attention to 
certain atypical cases. Bendel stated 
that “relapsing febrile nodular pan- 
niculitis or Weber-Christian disease, is 
characterized by recurring bouts of 
fever associated with the appearance 
of crops of subcutaneous nodules, vary- 
ing from the size of a pea to several 
inches in diameter, usually on the 
thighs and arms, frequently on the ab- 
domen, back and legs. These manifes- 
tations may remain separate or be- 
come, by confluence, indurated areas 
of subcutaneous fat. The nodules, 
which may be either painless or tender 
to touch, are frequently erythematous 
and raised above the surface of the 
normal skin. The pathologic changes 
appear to be necrosis of the subcu- 
taneous. fat, with infiltration by lipo- 
phages and eventually fibrosis. Over a 
period of months the nodules may 
slowly regress, leaving shallow or 
deep-pitted areas covered by normal 
skin. As a rule, no pathologic changes 
are observed in the other systems of 
the body, although death from the 
disease has been reported. In a few 
cases an enlarged spleen and _ leuko- 
penia have been outstanding features. 

The matter of laboratory findings in 
this process has already been covered, 
except that in his recent report Shu- 
man noted a definite reduction in ad- 
renal cortex function suggested by low 
17-Ketosteroid excretion, positive re- 
actions to the Robinson-Power-Kepler 
tests and absence of hyaluronidase in- 
hibition on skin tests after epinephrine 
administration. 

Certain pigmentary changes have 
been observed in recent cases. Gertler, 
for example, noted deeply pigmented 
lesions while Johnson and Plice*, 
Machacek®® and Samitz and Coletti™ 
each reported an example of this dis- 
ease in a colored person. Certain local 
changes in the lesions, such as focal 
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calcification in advanced lesions was 
reported by Bunnell and Levy. Atyp- 
ical distribution of lesions, such as 
nodules on the hand and in the breast, 
have also been observed. One of 3 of 
the cases reported by Schwartz, Loftus 
et al. had extensive involvement of the 
adipose tissue with changes in the size 
of the heart and of the liver and spleen. 
Diabetes, as previously mentioned, has 
been observed in association with a 
number of cases, and the matter of the 
liquefaction has already been men- 
tioned. Sanford and his group, thought 
that cryoglobulinemia may be of diag- 
nostic importance in the Weber-Chris- 
tian syndrome. This of course is of hy- 
pothetic interest. 

With regard to fatalities, I have 
been able to collect 14 cases of Weber- 
Christian syndrome with a fatal ter- 
mination. Bailey’ was the first to des- 
cribe a patient with relapsing febrile 
nodular non-suppurative panniculitis 
who apparently died of the disease, 
but Miller and Kritzler®® were the first 
to report such a case with changes in 
the fat at a necropsy. This patient, a 
woman of 34, had no specific lesions, 
but there was gross involvement of the 
fat. Death was apparently due to pro- 
longed cachexia, fat embolism and 
pneumonia. Tilden et al.8* had pre- 
viously recorded a patient who had 
died and the necropsy showed 18 
months after study disseminated tuber- 
culosis. There were no clinical signs 
of tuberculosis at the time of attack. 
Histologically, there was endothelial 
proliferation of the vessels, the arterial 
walls were edematous. Spain and 
Foley*! reported a case in which death 
was apparently due to uremia and 
glomerulosclerosis. Ungar’s®* patient 
apparently died of peritonitis. Mostofi 
and Engleman’s® patient, a Filipino 
man, showed fatty lesions of the sub- 
cutaneous, epicardial, peripancreatic, 
periadrenal and mesenteric fat. Jones, 
Lamb and Goldman’s** patient was a 


52-year-old white woman, whose ne- 
cropsy showed apparent destruction 
of the normal architecture of the liver 
lobule due to fibrous bands which 
divided the liver cells into abnormal 
lobules which did not show central 
veins. This fibrous tissue was markedly 
infiltrated with mononuclear cells and 
in many places necrosis had set in. In 
some sections, this fatty degeneration 
was so pronounced that the tissue re- 
sembled fat. The spleen showed 
marked fibrosis and considerable con- 
gestion of the sinusoids. The skin 
showed findings resembling those re- 
corded previously by Shaffer in his case 
of liquefying nodular panniculitis. 
Bjornstad’s'!® patient died after 4 weeks 
in the hospital. The necropsy showed 
sclerosis and fatty degeneration of the 
liver and slighter sclerosis of the 
spleen. Friedman’s** patient showed a 
considerable amount of suppuration 
and death was apparently due to staph- 
ylococcic septicemia. The necropsy 
showed a number of nodules on the 
intra-abdominal fat deposits. Hallahan 
and Klein’s patient apparently died of 
“Hodgkin’s Disease” of the fat. Shu- 
man’s fatal case of relapsing pannicu- 
litis was associated with widespread 
nodular involvement of the subcuta- 
neous panniculus and high fever. Find- 
ings in the fat were somewhat rem- 
iniscent of Hodgkin’s Disease, except 
that no Sternberg-Reed cells could be 
found. Shuman comments that the re- 
port of Hodgkin’s Disease in 2 cases 
is an important fact which requires 
further scrutiny. One of the 2 patients 
studied by Hanrahan and colleagues 
died of the disease. Necropsy showed 
severe fatty metamorphosis of the 
liver, acute hyperplasia of the spleen 
and several areas of panniculitis. San- 
ford and coworkers’ patient died 10 
days after hospitalization, approxi- 
mately 3 months after the onset of the 
illness. Unfortunately no necropsy was 
performed. The fatal case of painful 
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febrile suppurative nonfistulous panni- 
culitis reported by Van der Meieren 
and DuBois-Mercier could not defi- 
nitely be classified as Weber-Christian 
disease. 

Diagnosis. Although Weber-Chris- 
tian syndrome is usually relatively eas- 
ily diagnosed, certain nodular pro- 
cesses, may be difficult to differentiate 
from it. Some of these processes are: 
1) subcutaneous fat atrophy, 2) in- 
sulin lipodystrophy®! 4475, 3) hypo- 
dermic injections and drug addicts, 
4) trauma, 5) erythema nodosum, 6) 
erythema induratum, 7) sarcoid of 
Darier-Roussy, 8) dermatomyositis, 
9) morphoea, 10) adiposis dolorosa, 
11) subcutaneous fat necrosis in the 
newborn, 12) disseminated lupus ery- 
thematosus, 13) benign, nodular hy- 
podermite; 14) thrombophlebitis 15) 
nodular syphilis, 16) leprosy, 17) nod- 
ular vasculitis’*®?58, 18) spontaneous 
panniculitis of Rothmann and Makai, 
19) metastatic neoplasm and lym- 
phoma. Attention to the features of 
each of these processes, as well as a 
study of the material removed histo- 
logically, will lead to the correct diag- 
nosis. 

Treatment. Evaluation of any form 
of treatment on the Weber-Christian 
syndrome is colored by the fact that 
individual attacks may resolve spon- 
taneously and recurrences are unpre- 
dictable. However, certain forms of 
therapy occasionally yield temporary 
beneficial effect. Among these treat- 
ments are those with a bacteriostatic 
effect such as the sulfonamides (Miller 
and Kritzler). While sulfanilamide, 
sulfadiazine, sulfathiazole and sulfa- 
merazine have all been used with ap- 
parent benefit, they have also failed 
(inadequate dosage?). After sulfadia- 
zine and sulfathiazole had failed, Ar- 
nold administered sulfapyridine to an 
active case of Weber-Christian syn- 
drome. On 5 occasions, sulfapyridine 
was withheld and relapses followed 


in 24 hours with elevation of temper- 
ature, the return of symptoms, in- 
creased sedimentation rate and leuko- 
cytosis. On re-administration of treat- 
ment with 3.5 gm. of sulfapyridine per 
day, the patient’s condition returned to 
normal. Koch, in 1951, found sulfapyri- 
dine to be helpful in one case, but its 
actual value was in doubt because 
spontaneous involution was not ex- 
cluded. On the other hand, Bunnell 
and Levy raised the question, as to 
whether Weber-Christian syndrome is 
due to prolonged administration of 
sulfonamides. Recent reports, such as 
that of Muri*!, indicate the possibility 
that the combined use of penicillin and 
sulfadiazine may be of value. Peni- 
cillin alone has been administered in 
some cases with but little benefit. Oc- 
casionally, it may be of great value, as 
in the patient reported by Zee®* whose 
nodules disappeared after the use of 
20,000 units of penicillin intramuscu- 
larly every 3 hours for 15 days to a 
total of 2,360,000 units. Hanrahan et 
al.88 used penicillin in 2 cases; one with 
rapid healing, the other a fatal case. 
In this latter patient there was also 
no effect from dihydro-streptomycin, 
aureomycin, antihistaminics and sul- 
fonamides of various types. Penicillin 
was also advised by Schwartz, Loftus 
and Fishler as well as by Livingstone 
and by Kooij. Frost** used penicillin 
orally followed by 500 mg. of aureo- 
mycin (Lederle) every 6 hours orally 
for 48 hours with clearing up of the 
lesions, with a 3-months’ follow-up 
without recurrence. However, the act- 
ual effect of the treatment was not 
definite. Rubin and Blanc used peni- 
cillin combined with streptomycin in 
2 cases; they found improvement in 
one of the 2. Gay Prieto and his co- 
workers** used streptomycin, 1 gm. per 
day, with vitamin E (100 mg. per day) 
without much effect. The subsequent 
use of aureomycin followed by pen- 
icillin and 10 units of insulin per day 
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was likewise of no value. Brudno, as 
well as Kennedy and Murphy, have 
suggested the possible relationship of 
Weber-Christian syndrome to the 
group of collagen diseases. Drew, Was- 
son and Morris?* administered ACTH 
with temporary recession of the le- 
sions, but when the hormone was with- 
drawn there was an exacerbation. Shu- 
man also employed cortisone in his 
patient with high expectation for suc- 
cess. The ameliorative effect of the 
hormone on granulomatous processes 
suggested that it would be beneficial 
in Weber-Christian syndrome. In 10 
days of treatment, however, there was 
little effect until the eighth day, when 
the temperature returned to normal. 
There was no alteration in the size of 
the lesions. The temperature remained 
normal for 5 days and then returned to 


previous levels of 103° F. after the 
cessation of cortisone therapy. ACTH 
administered during the last few days 
prior to death, likewise showed no ef- 
fect. 

Numerous other procedures have 
been employed, with or without defini- 
tive results: the removal of bromide 
and iodide medication, the use of qui- 
nine, intravenous gentian violet, fer- 
rous citrate, viosterol, antisyphilitic 
therapy, antimony, gold, arsenic and 
mercury, Roentgen-ray therapy, mul- 
tiple blood transfusions, hormones, 
such as thyroid and pituitary extract 
and removal of foci of infection. The 
use of salicylates as well as some of 
the antihistaminic preparations have 
been advised, apparently again with 
equivocal results. 
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Darstine, _1-(3-hydroxy-5-methyl-4- 
phenylhexy])-1-methyl piperidinium 
bromide, a_ visceral anticholinergic 


agent. E. C. McManus, V.M.D., PHD., 
]. M. Bocnry anp K. H. Bryer, M.D., 
Pu.D. (Research Division, Sharp & 
Dohme, Inc.). It has been the purpose 
of this study to develop a new potent 
anticholinergic agent which would 
possess a greater selectivity for the 
gastrointestinal tract than available 
effective agents. From a series of B- 
dialkylaminoethyl substituted benzyl 
carbinol quaternary salts, 1-(3-hydroxy- 
5-methy1-4-phenylhexy] )-1-methyl- 
piperidinium halide, Darstine, was 
selected for extensive laboratory and 
clinical study. 

The anticholinergic potency of Dar- 
stine and the reference agent, methan- 
theline, wpon several visceral struc- 
tures have been compared. The two 
agents, administered intravenously, 
were equipotent approximately in 
antagonizing the increase in tonus in- 
duced in the Thiry fistula preparation 
by a rapid intravenous injection of 
methacholine. When the inhibitors 
were administered orally, Darstine was 
more potent than methantheline and 
the inhibitory effect of the former com- 
pound was lost at less than one-half 
the rate for the latter drug. The activity 
of the two agents in antagonizing 
vagally stimulated gastric hydrochloric 
acid secretion in the acute total gastric 
pouch of the dog was comparable. 
The stimulant used was 5-ethy]-5-(1, 3- 
dimethyl-1-butenyl )-barbituric acid. A 
marked difference existed between the 
effect of the two agents in antagoniz- 
ing methacholine stimulation of parotid 


secretion in the dog, Darstine being 
only about one-fourth as inhibitory as 
methantheline. An intravenous dose of 
Darstine, 2 to 4 times greater than of 
methantheline, was required to produce 
an equivalent cholinergic inhibitory 
effect on the urinary bladder muscle 
of the trained unanesthetized dog. 
Cholinergic inhibitory potency of Dar- 
stine on the cardiovascular system of 
the dog was approximately one-half 
that of methantheline. 

Thus, Darstine possesses a greater 
selectivity for the gastrointestinal tract 
of the dog. Clinical studies are in 
progress to determine whether the 
greater selectivity applies also for the 
human. 

A Comparison of Absorption Rates 
of Glucose in the Upper and Lower 
Human Small Intestine. ALvin J. Cum- 
mins, M.D., AND RatNeE M.D. 
(Gastro-Intestinal Section, Kinsey- 
Thomas Foundation, of the Medical 
Clinic, Hospital of the University of 
Pennsylvania, Philadelphia). Data 
from animal experimentation compar- 
ing absorption rates in various levels of 
the small bowel are meager and con- 
flicting. Similar data are not available 
for the human. Because of the signif- 
icance of such knowledge in various 
clinical conditions such as partial in- 
testinal resection or rapid passage of 
ingesta into the lower small bowel (as 
after gastric resection), it was con- 
sidered worthwhile to attempt com- 
parison studies of absorption rates in 
the human subject, using glucose as 
the test material. 

The intubation technique described 
by Nicholson and Chornock was em- 
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ployed, which permits measurement of 
the absorption rate of a 45-cm. seg- 
ment of the small bowel. In the present 
procedure the rate of absorption for 5% 
glucose in the upper intestine (duode- 
num and upper jejunum) was com- 
pared with that in the lower ileum in 
the same patient, the tests being run 
consecutively. Data so obtained were 
contrasted with those in which the 
same procedure was carried out with 
the tube remaining in the same area 
of the upper small bowel for both tests, 
to determine the reproducibility of re- 
sults. 

Analysis of the data obtained in- 
dicates that in 7 control experiments 
in which the segment studied was the 
same, the checks between 2 consecu- 
tively performed tests were gratifyingly 
close, the mean difference in absorp- 
tion rate being 4%. In 5 patients in 
whom a comparison of rates in the 
upper and lower small bowel was 
made, the ileum showed a mean rate 
26% below that in the upper intestine. 
The results also suggest that the ab- 
sorption rate for water may be reduced 
in the ileum, as indicated by the larger 
volumes of fluid aspirated from that 
area. No difference in the concentra- 
tion of unabsorbed glucose was ob- 
served in the aspirates from either site, 
demonstrating that reduction in ab- 
sorption rate in the ileum is not due 
to greater dilution. 

Lipolytic Activity of Human Blood 
Serum. Its Relation to Pancreatic 
Lipase-Inhibitors of Serum. 
Gutu, M.D., Stmon Komarov, M.D., 
Pu.D., Harry SHay, M.D., CHaR- 
LOTTE ZisLin, B.S. (Samuel S. Fels Re- 
search Institute, Temple University 
School of Medicine, Philadelphia, Pa. ). 
Several phototurbidimetric procedures 
for lipase determination in canine pan- 
creatic juice were developed, using 
natural fat (“Lipomul oral” vegetable 
oil emulsion) or tributyrin emulsion in 
either 0.15 ionic strength, pH 7.05 + 


0.05 phosphate buffer or 0.5% sodium 
barbital buffer. Incorporation of 0.004% 
potassium oleate and 3% gelatin re- 
sulted in a striking increase in the 
rate of reaction. Additional accelera- 
tion in the activity of pancreatic lipase 
resulted from incorporation of either 
2% Merck sodium choleate or 0.75% 
sodium desoxycholate. With each pro- 
cedure the reaction was zero order with 
respect to substrate concentration with 
total hydrolysis not over 60%. Recti- 
linear regressions of zero order con- 
stant on protein nitrogen of pancreatic 
juice were obtained with standard er- 
ror of the estimate 4.15% over a 5 fold 
range and less than 10% over a 14 fold 
range (A.Grossberg-unpublished data ). 
With our newest natural fat substrate 
in barbital buffer, it was possible to 
determine quantitatively protein nitro- 
gen in pancreatic juice from a single 
reading in, a Klett-Summerson colori- 
meter after 15 minutes incubation at 
32° C. with S.D. of % error = 5.7 over 
the range of approximately 0.5 to 6.0 
micrograms. 

With these procedures, no lipolytic 
activity was observed in many speci- 
mens of normal and pathological sera, 
while activity was always detected 
after the addition of 0.1 to 0.02% pan- 
creatic juice. Lipolytic activity was ob- 
served in blood sera in many cases 
of pancreatic disorders, the highest 
being equal to the activity of the pro- 
tein of pancreatic juice containing 
7 mcg. nitrogen. 

When increasing amounts of normal 
serum were mixed with dilute pan- 
creatic juice, lipolytic activity of the 
latter was progressively inhibited, the 
units of lipase inhibited being propor- 
tional to the logarithms of the amounts 
of serum used. 

When tributyrin was substituted for 
natural fat in the substrate, the “tri- 
butyrinase” activity could be measured 
turbidmetrically in pancreatic juice 
and blood serum with or without 


im 


| 
| 


PHYSIOLOGY 


sodium desoxycholate. There was no 
correlation between the lipolytic ac- 
tivity and the tributyrinase activities 
measured with or without sodium 
desoxycholate in the substrate in vari- 
ous specimens of pancreatic secretion 
and blood sera. 

The Use of Sodium Dehydrocholate 
in the Diagnosis of Biliary Tract Dis- 
ease. A Preliminary Report. JosEPH 
M. Gampescia, M.D., CHartes M. 
THompson, M.D., ALEx U.in, M.D., 
AND WILLIAM SHOEMAKER, M.D. (De- 
partments of Gastroenterology and Sur- 
gery, Hahnemann Medical College 
and Hospital, Philadelphia, Pa.). So- 
dium dehydrocholate administered in- 
travenously produces a measurable 
response in both normal and abnormal 
states. In this study, comparison of 
duodenal aspirates as to volume and 
icterus index for three 20-minute 
intervals before and after the intra- 
venous injection of 10 cc. of 20% sodium 
dehydrocholate indicates that a dif- 
ference in response occurs under the 
following situations. 1) The normal 
gallbladder 2) Cholecystolithiasis 
(with or .without impaired Roentgen 
function) 3) Choledocholithiasis 4) 
Post-cholecystectomy. 

This preliminary report entails the 
study of 7 normal and 52 abnormal 
situations and in essence supports the 
work of Lans, Stein and Meyer (Gas- 
troenterology 18, 1,64). 
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The normal response comprises a 
fall in both volume and icterus index 
of the duodenal aspirate after the in- 
travenous injection of sodium dehydro- 
cholate apparently due to the diversion 
of the increased hepatic secretion into 
the gallbladder (reservoir function). 

The abnormal response comprises a 
rise in volume and a decrease in icterus 
index following the intravenous admin- 
istration of sodium dehydrocholate, a 
reflection of the inability of the gall- 
bladder to accommodate the increased 
flow of hepatic secretion (no reservoir 
function) and an indication of the 
hydrocholoretic effect of sodium dehy- 
drocholate (an increase output of 
secretion comparatively lower in pig- 
ment content). 

Illustrative cases will be considered 
demonstrating the above mentioned 
categories. 

Further study is necessary for proper 
definition of this test but at present, 
indications are that it will be of value 
in aiding to evaluate: a) the normal 
gallbladder; b) the abnormal gallblad- 
der with normal concentrating func- 
tion (cholecystography );c) post-chole- 
cystectomy syndrome; and d) _ the 
jaundiced patient in whom it is not 
possible to visualize the gallbladder by 
Roentgen-ray and in whom the problem 
of biliary tract disease arises as a con- 
tributing cause to the jaundice. 


BOOK REVIEWS AND NOTICES 


LABORATORY ‘TECHNIQUE IN BIOLOGY AND 
MEDICINE. By E. V. Cowpry, Washington 
University, St. Louis. 3rd ed. Pp. 382. Balti- 
more: William & Wilkins, 1952, Price, 
$4.00. 

Tus fascinating book is an encyclopedia 
of investigative methods and laboratory tech- 
niques. It contains a little about most every- 
thing associated with the medical routine 
and research laboratories. In the past few de- 
cades, techniques have become so important, 
sO numerous and so complex that a complete 
treatment would require a_ respectable _li- 
brary. This book is, in a sense, a catalogue 
to that library. Many of the simpler tests are 
given in sufficient detail to require no fur- 
ther reference. The purposes of the others 
are given and proper references cited. It goes 
even further by naming substances and then 
listing the tests and techniques by which they 
may be investigated. Authors, tests, tech- 
niques and substances are all presented alpha- 
betically and may appear under various head- 
ings in various places so that one can find 
what is given about a subject in the shortest 
possible time. It may be only a lead but 
without this book the initial lead may be 
the hardest to locate. No laboratory man 
should be without this book within easy 


reach. E. A. 


DE ANEURYSMATIBUS Opus PosTHUMUM— 
GIovANNI Marra Lancisi, 1654-1720—An- 
eurysms The Latin Text of Rome, 1745. Re- 
vised, with Translation and Notes by 
WILMER CAvE Wricut, Emeritus Professor 
of Greek in Bryn Mawr College. “(No. 10 
in the Hist. of Med. Series of the N. Y. 
Acad. of Med.) Pp. 362; frontispiece of 
title page. New York: Macmillan, 1952. 
Price, $7.50. 

Tuts is a bilingual edition (Latin text on 
the left hand page, English on the right) of 
one of the chief works of the celebrated 
Italian anatomist, clinician and epidemiol- 
ogist. The reader should remember that in 
the 18th century the word “aneurysm” was 
used to designate both any dilatation of a 
tube such as an artery (Grk: euruno) and 
one from which the. blood bursts forth 
(Grk:euroein), that is, a ruptured aneurysm 
in the modern sense. With this in mind, he 
will better appreciate what the author has 
to say about the causes and _ production 
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mechanism of cardiac as well as vascular 
aneurysm. 

This translation of De Aneurysmatibus— 
the second part of Lancisi’s “De motu cordis 
et aneurysmatibus” appears to be the only 
complete text in English, Erichsen’s text in 
the Sydenham’s Society's “Observations on 
Aneurysm” having omitted a large block of 
its Propositions as well as many other pages 
and words of the text. The first part, de 
Motu Cordis, has been omitted by Professor 
Wright, thus following the custom of modern 
writers. In fact, except for Crescimbeni’s epi- 
tome of the double treatise, in which 17 
pages were given to the first part, and only 
6 to the second, the text of de Motu is ap- 
parently only to be found in the original 
Latin. For the present work, Dr. Wright has 
used Vol. 4 of the 1745 edition of Lancisi’s 
Opera Omnia. She has also included her 
translation of Assalta’s Life of Lancisi. 

Dr. Wright, already well known for her 
annotated translations of Fracastorius’ “de 
Contagione” and Ramazzinis “De morbis 
artificum”, died in November 1951, while 
the text of this volume was in proof. E. K. 


OPHTHALMOLOGY AND OrTo- 
LARYNGOLOGY. A QUADRENNIAL REVIEW. 
VoLtuME I. Parr I, OPHTHALMOLOGY. 
Edited by Meyer Wiener, M.D., and A. 
EpwarRD MAuMENEE, M.D. Parr II, Oro- 
LARYNGOLOGY. Edited by Percy E. IRELAND, 
M.D., and JosepH A. SuLLIvAN, M.B. Pp. 
666; 46 illustrations. New York: Grune & 
Stratton, 1952. Price, $15.00. 

THis compact volume provides a review 
of current concepts and recent advances in 
ophthalmology and 2 
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otolaryngology by 72 
contributors selected for thorough knowledge 
of their subject. The literature is reviewed 
from July 1946 to the present and a brief 
bibliography at the end of each chapter in- 
dicates the original source material. In a 
composite enterprise of this type, there are 
differences in viewpoint and in the quality 
of individual presentations but the topics are 
arranged in logical sequence and the subject 
material is dealt with critically. The major 
trends in current research and the changing 
concepts in medical and surgical treatment 
are adequately traced. Ophthalmologists and 
otolaryngologists will find this book infor- 
mative, stimulating and useful. H. S. 
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\ TEXTBOOK OF PHARMACOLOGY. By Wr1L- 
LIAM T. SALTER, M.D., Professor of Phar- 
macology, Yale University School of Medi- 
cine. Pp. 1240; 284 ills. Philadelphia: W. B. 
Saunders Co., 1952. Price, $15.00. 

Tus excellent book brings a_ refreshing 
and highly personal approach to its subject, 
representing, as the author stated, his exper- 
iences and choices in the light of many hours 
spent at the bedside as well as long nights in 
the laboratory. The book reflects the dynamic 
personality of its most capable author. It is, 
therefore, a major loss to oncoming medical 
students and physicians that Doctor Salter 
died suddenly just before the preparation of 
this review. The basic facts of pharmacology 
are, of course, presented; but the mode of 
presentation, the numerous historical refer- 
ences, the unexpected but timely quotations, 
and the brilliant vivid style of writing make 
this more than just a recital of pharmacologi- 
cal facts. The book is warmly recommended 
to physicians and students. R. K. 


Potsoninc. A TO CLINICAL DIAGNOsIS 
AND TREATMENT. By W. F. von OETTINGEN, 
M.D., National Institutes of Health. Pp. 
524. New York: Paul B. Hoeber, Inc., 1952. 
Price, $10.00. 

Tus book offers a very practical approach 
to the clinical problems of poisonings, as 
they occur in the experience of the general 
practitioner and the internist. The book is 
divided into four parts. The first deals with 
the classification of poisons, the medico-legal 
aspects and the emergency measures and 
equipment necessary for treatment. The 
second part deals with the problems of diag- 
nosis and is very well done. Part 3 deals with 
management. The last section gives, in alpha- 
betical order, 461 types of poisoning, their 
manifestations and treatment. The book 
should be most useful to all practicing physi- 
cians. 


PRINCIPLES AND PRACTICE OF ANESTHESIOLOGY. 
By Vincent J. Coxiins, M.D., Director of 
the Department of Anesthesiology at St. 
Vincent’s Hospital of the City of New York. 
Pp. 528; and 99 ills. Philadelphia: Lea & 
Febiger, 1952. Price, $10.00. 

Tue author has done a very excellent piece 
of work in writing this textbook. Dr. Col- 
lins is to be congratulated on his presenta- 
tion of the subject of anesthesiology. His pre- 
sentation is well organized and the scope is 
broad. 

This is the first textbook which has pre- 
sented the entire subject of anesthesiology in 
such a complete fashion without getting the 


reader lost in vague theories and explana- 
tions of the basic physiological and pharma- 
cological principles of anesthesia. 

The six chapters which are devoted to the 
physiology of respiration, transportation of 
the physiologic gases and circulation are very 
well ya Anyone reading these chapters 
will receive a very excellent review of the 
basic principles of cardio-respiratory physi- 
ology. 

The section on complication is most valu- 
able and is very complete in its presentation 
not only of complications during the adminis- 
tration of anesthesia but also complications 
which may be present prior to surgery and 
anesthesia and in the post operative period. 
He also discusses complications due to a dis- 
turbance of the temperature regulating 
mechanism. 

Medical students, residents in anesthesiol- 
ogy and anesthesiologists will be pleased with 
this book because it contains information 
which cannot be found in any other single 


volume. &. 


BRAIN MECHANISMS IN CORONARY DISEASE. 
CAUSATION, TREATMENT AND PREVENTION. 
By N. E. IscHtonpsky, M.D. Pp. 171; 45 
ills. London: Henry Kimpton, 1952. Price, 
25 shillings. 

THE author believes that the primary 
cause of coronary artery disease is a chronic 
collision of rhythms. By this, he means that 
the individual has an imperfectly trained in- 
hibitory process so that he cannot react neuro- 
psychiatrically to changing stimuli smoothly 
and without friction because the rhythm 
produced by these stimuli collide with the 
conditioned responses he has developed. Pre- 
vention of coronary disease, therefore, con- 
sists in training the sense of rhythm in chil- 
dren by physical exercise and music and 
treatment consists in the development of so- 
cial courtesy. There is the usual loose in- 
terchangeable use of hypertension and coro- 
nary disease so common in those dealing 
with the “cerebral” aspects of these diseases. 

The author repetitiously and _irritatingly 
refers to the proof of this concept. Proof con- 
sists solely in a statistical analysis of the 
incidence of coronary disease in several na- 
tions and races. 

The author states “subjective thinking is 

. a deception since it leads to explanations 
and assumptions that. sound extremely in- 
teresting, highly plausible and most tempt- 
ing, consistent in themselves yet deprived 
of any foundation.” This criticism is par- 
ticularly applicable to his own book because 
he writes well and persuasively. L. S. 
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BOOK REVIEWS 


NEW EDITIONS 


American Pocket Medical Dictionary. 19th 
ed. Pp. 639. Philadelphia: W. B. Saunders 
Co., 1953. Price, $3.25 plain, $3.75 with 
thumb index. 

Tus standard work, now in its 55th year, has 
won for itself a foremost place in American 
Medicine. The convenient format of this pocket 
edition makes it a particularly useful and con- 
venient publication. No physician, medical stu- 
dent or physician’s secretary should be without 
one. R. K. 


Outlines of Internal Medicine. Edited by 
Ceci. J. Watson, M.D., Head, Depart- 
ment of Medicine, University of Minnesota. 
7th ed. Pp. 700; illustrated. Dubuque, 
Iowa: Wm. C. Brown Co., 1952. Price, 
$13.00. 


Ir is a pleasure to welcome the 7th edition 
of this well-known work, particularly because of 
the fact that it now is bound in a single cloth 
volume rather than in five loose-leaf sections. 
There is adequate coverage to serve those who 
wish to use the text for review purposes. 


Clinical Laboratory Diagnosis. By SAMUEL 
A. Levinson, M.D., Pu.D., Prof. of Pathol- 
ogy, Univ. of Illinois, and Ropert P. Mac- 
Fate, Cu.E., M.S., Pu.D., Chief, Bureau of 
Labs., Dept. of Health, City of Chicago. 
4th ed. Pp. 1146; 221 ills., 10 in color. 
Philadelphia: Lea &.Febiger, 1951. Price, 
$12.00. 

Tuts is one of few good textbooks devoted to 
clinical laboratory methods and their interpreta- 
tion. In this, the fourth, edition numerous changes 
have been made. A great deal of new information 
has been added while much obsolete material has 
been deleted. 

The newer nomenclature in hematology is in- 
cluded and the authors provide a table for com- 
parison of the terms recommended by the Com- 
mittee on Nomenclature with those émployed by 
others. Despite its comprehensiveness, the subject 
matter is well organized and is presented with 
clarity. 

A valuable feature is found at the beginning 
of each chapter, namely, the brief instructive in- 
troduction into the physiology, chemistry, and 
clinical pathology of the organ or function under 
discussion. 

This enlarged edition provides a complete text 
on clinical laboratory methods which will be help- 
ful to medical students, medical technicians, clin- 
ical pathologists, and practicing physicians. C. Z. 


Bacterial and Mycotic Infections of Man. Ed- 
ited by Rene Dusos, PuD., The Rock- 
efeller Institute for Medical Research. 2nd. 
ed. Pp. 886; 80 ills., 18 charts, 73 tables. 
Philadelphia: J. B. Lippincott Co., 1952. 
Price, $7.50. 

S«tncE its introduction in 1948 the first edition 
of this volume has become the standard reference 
book in medical bacteriology, immunology and 
mycology. The second edition is even better, 


AND NOTICES 


partly because of the addition of new material 
on genetics, blood groups and chemotherapy, but 
more so because of revision of old material. All 
of the 37 contributors are authorities in their 
respective fields; thus, each chapter is in effect 
a reliable and cmprehensive treatise of the sub- 
ject. Especially commendable is that on allergy 
by Chase and on mycology by Conant. 

Although this volume is expressly intended 
to serve as a text for medical students, the average 
uninitiated reader will be overwhelmed and con- 
fused by the amount of detail presented. The 
beginner will not enjoy .reading a collection of 
authoritative and often profound treatises among 
which there is little continuity. He will be an- 
noyed by the numerous references in the body 
of the text. There are few photographs to provide 
visual concept. As a result the reviewer is not 
inclined to recommend this volume for the use 
of students who are being introduced to the 
study of infectious diseases. 

On the other hand, it is definitely the best 
reference book in its field for interested prac- 
titioners, teachers, research workers and advanced 
students. The basic approach is entirely sound in 
that bacteriology is presented in terms of the 
host-parasite relationship of which infectious dis- 
ease is simply one or more of the manifestations. 
And because there is continuous emphasis upon 
the application of fundamental information to 
clinical medicine, this volume should be available 
to all persons who are vitally concerned with the 
problems of infectious disease. Deserving of com- 
ment is the low price which was made possible 
through financial aid from the National Founda- 
tion for Infantile Paralysis. EZ. &. 


Operating Room Technic. St. Mary’s Hospital, 


Rochester, Minnesota. 4th ed. Pp. 345; 219 
ills. Philadelphia: W. B. Saunders Co., 
1952. Price, $6.50. 


Tuts book was written principally as a guide 
for the operating room nurse, and as such it is 
invaluable. The first chapter describes the oper- 
ating suite at St. Mary’s Hospital, which is a 
well planned unit. The remaining chapters are 
devoted to the description, in brief and almost ab- 
stract form, of the various surgical operations done 
in the large modern hospital. Necessary equip- 
ment is listed in reasonable detail. The book is 
quite up-to-date, photographs and illustrations are 
numerous and accurate, and the field of general 
surgery and allied subspecialties is well covered. 

This book should be a must for the con- 
scientious operating room supervisor and should 
be helpful in student nurse instruction. G. it. 


Textbook of Physiology. By Wimu1am D. 


ZOETHOUT, PH.D., AND W. W. TutTTLe, 
Px.D. Loyola University and State Univer- 
sity of Iowa, College of Medicine. 11th ed. 
Pp. 692; 302 ills. St. Louis: C. V. Mosby, 
1952. Price, $4.75. 


Tue eleventh edition of this valuable text has 
several chapters which have been completely re- 
vised. Much new material pertaining to respira- 
tion is presented. Energy and weight balance 
have been reorganized. Dynamic equilibrium of 
body constituents has been stressed. Progress in 
neurophysiology has been included. The illustra- 
tions continue to be good. The book covers the 
area between complete larger texts and very brief 
ones. Dental, pharmacy and normal school stu- 
dents should find it useful. M. O. 
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